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CONGENITAL ANEURYSMS OF ALL THREE 
SINUSES OF VALSALVA 


BY 
R. H. MICKS 
From Sir Patrick Dun’s Hospital, Dublin 


Received August 25, 1939 


Aneurysm of a single sinus of Valsalva, though rare, is not so rare as to 
justify a detailed description of a single case. For it is recognized that both 
syphilis and ulcerative endocarditis may produce aneurysms or aneurysmal 
dilatations of the sinuses, and the causation is not obscure. In a small number 
of such aneurysms no evidence of these two causes has been found and it 
has been suggested that they may be congenital ; at least eleven such cases have 
been recorded, mostly involving the right (or anterior) sinus only. 

But aneurysms of all three sinuses of Valsalva are extremely rare. I have 
been able to find records of only three such cases, and comparison of these 
with the one here reported suggests that it presents a condition that has not been 
recorded previously. 


CLINICAL NOTES OF THE TERMINAL ILLNESS 


The patient was a young man, aged 25, well built and of healthy appearance. 
His family doctor had for some time known that he had an enlarged heart 
and a systolic apical murmur, but these signs had been discovered in a routine 
examination and he had never complained of any symptoms that could be 
attributed to the heart. He was accustomed to cycle in all weathers and 
played golf without breathlessness or fatigue. 

About a month before his admission to hospital, when pushing a lawn- 
mower on his holiday, he collapsed with pain in the chest, shortness of breath, 
and a feeling of great weakness. He stayed in bed six days, but on getting up 
had a similar attack and was again in bed a few days. On returning to his 
office work he felt as well as ever for a few days. 

July 12, 1938.—He awoke early in the morning one hour after falling asleep, 
with a feeling of heat, of pain referred to the region of the xiphoid, of cough, 
and of shortness of breath. His doctor found an irregular pulse of over 100, 
a temperature of 101° F., and crackles over the apex of the right lung. 

The same evening he was admitted to Sir Patrick Dun’s Hospital under the 
author’s care. His general condition was little changed. The pain was 
referred to the upper abdomen a little to the left of the midline. The apex 
beat was felt in the left anterior axillary line and there was a systolic murmur 
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heard best at the apex. The heart rate was 50 and slightly irregular, and the 
blood pressure was 130/60. The liver was enlarged and palpable one or two 
inches below the costal margin. The spleen was not to be felt. The 
temperature was still 101° and the respiration rate 46. 

Both pleural spaces were explored under local anesthesia, no fluid being 
found. The pericardial sac also was punctured in the region of the left 
ventricle. Digoxin, 0-5 mg. intravenously, produced no change in the heart 
rate. No other drug of the digitalis group was administered, then or pre- 
viously. It is hardly likely that this single dose of digoxin can have played 
any part in producing the disturbances of heart rhythm subsequently recorded. 
The tentative diagnosis at this stage was an acute infective process, but next 
day it was recognized as cardiac failure due to a gross disturbance of rhythm. 

July 13.—The patient slept lightly, thanks to an injection of 1/8 grain of 
morphine, and was much the same. A blood culture proved to be sterile. 
The Wassermann reaction was negative. Hemoglobin, 70 per cent. ; red cells, 
4,800,000 ; white cells, 17,000. The heart rate was 40 in the morning and 
35 by the evening. 

There was total heart block (A, 100; V, 40 to 50). The ventricular com- 
plexes were prolonged beyond 0-1 sec. and there were many right ventricular 
extrasystoles (Fig. 1A). 

July 14.—There was a marked change for the worse, the patient appearing 
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(A) July 13. Total heart block. Auricular rate 100, ventricular rate 40—50. 
(B) July 15. Regular sinus rhythm. Rate 68. Left ventricular preponderance. 
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on the verge of death. Adrenaline was given for the first time, with good 
effect. After 2-5 mg. the rate rose from 25 to 75, and the blood pressure 
from 125/50 to 135/75. After two and a half hours the rate had fallen to 36, and 
1-0 mg. of adrenaline was given, again with good effect. After a third injection 
of 1-0 mg. adrenaline, when the rate had again fallen to 32, it rose only to 52, 
but was maintained at 48. 

A dramatic change for the better took place that evening, probably owing 
to a return of sinus rhythm. At 9 the heart rate was 52, at 9.40 it was 124, 
and at 10 it was 114; the patient said he was very much better and it 
almost seemed that the illness was over. 

July 15.—After a good night with the help of 1/8 grain of morphine, he still 
felt very well. The heart rate was 79 and the pulse strikingly dicrotic, this 
being so pronounced that it was hard to tell by palpating the radial artery 
whether the heart rate was 80 or 160. The blood pressure readings of this 
dicrotic pulse were: systolic a little over 120 and diastolic between 70 and 75. 
It is interesting to speculate on the possibility of a connexion between the gross 
abnormality subsequently found in the patient’s heart and the presence of this 
very remarkable dicrotic pulse on the only day when we had an opportunity 
of observing the patient with the heart rhythm normal. 

The liver was still enlarged. The apex beat was diffuse and reached two 
inches outside the nipple line in the 5th and 6th spaces. There was a snappy 
first sound and faint (non-crescendo) pre-systolic and systolic murmurs, with 
no thrill. There was no edema. As there were no physical signs of disease 
in the lungs and the presence of a cardiac lesion of radiological interest was not 
suspected, radioscopy was postponed to avoid tiring the patient ; but next day 
he was too weak, so the opportunity of securing an X-ray picture of a very 
rare abnormality was missed. 

The heart rate did not vary throughout the day and the patient’s condition 
remained good. There was regular sinus rhythm, with a P-R interval of 
0-3 sec. The QRS complexes were more than 0-1 sec. and resembled the extra- 
systoles of the first electrocardiogram (Fig. 1B). 

July 16.—The patient had not had a good night and was worse. During 
the night the pulse rate had been variable and settled at a lower level—74, 52. 
40, 52, 72, and at 9.30 between 48 and 52, and slightly irregular. At 11 a.m, 
1-0 mg. of adrenaline produced a rise from 36 to 54 and also a rise of blood 
pressure from 110/40 to 140/60. 

Fig. 2A, 105 minutes after the adrenaline, showed total heart block. The 
auricular rate was now 210, and the P waves differed greatly from those in 
Fig. 1. The ventricular complexes now showed left ventricular preponder- 
ance, and Ts; was deeply inverted. Presumably the rhythm was auricular flutter 
or auricular paroxysmal tachycardia. 

During the remainder of this day adrenaline was given on several occasions 
and relieved the patient considerably, but his condition at the best was far 
more grave than on the previous day. 

July 17.—The patient was still gravely ill. During the night adrenaline 
was given twice, when the rate dropped below 40. 
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Total block was present at noon, 9 and 14 hours after administration of 
adrenaline and of ephedrine respectively. The auricular rate was 210. Flatten- 
ing of all the T waves as compared with the previous day was noted (Fig. 2B). 
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Fic. 2.—Complete heart block. Auricular rate 210. 


(A) July 16. 105 minutes after adrenaline. P waves greatly differing from those of Fig. 1A. 
Presumably auricular flutter or auricular paroxysmal tachycardia. 

(B) July 17. No adrenaline in preceding 9 hours. Note flattening of all T waves in 
comparison with (A). 


During the day the rate varied from 38 to 52 and no ephedrine or adrenaline 
was given. At 6 p.m. the rate was 40 and 1/2 grain of ephedrine was given. Ten 
minutes later the rate was 114 and the patient was feeling better. Nevertheless 
he was still gravely ill. 

July 18.—During the previous night the rate had varied between 120 and 
148, and no drugs had been given except 1/8 grain of morphine early in the night 

Fig. 3A, taken at 10.30, showed a regular ventricular rate of 138. The nev 
change of the QRS complexes should be noted, P, being still inverted. Th« 
rhythm seemed to be 2 : 1 heart block in auricular flutter or tachycardia. 

At 5 p.m. the rate was still fast, 128, but four hours later it was 62 
Ephedrine, 1/4 grain, was then given orally, a rise to 74 following. Fig. 3B 
taken soon after, showed what appeared to be an auricular tachycardia of th: 
same rate as before, now with a 4 : 1 ventricular response. 

July 19.—The patient’s condition was not such as to give rise to acutt 
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anxiety till 9 a.m., when he became dyspneic. The rate was then 46, a rate 
which had been noted frequently throughout the night without concomitant 
dyspnea. Ephedrine and adrenaline relieved the dyspneea slightly, although 
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(A) July 18. No drugs except morphine in preceding 30 hours. Regular ventricular rate 
of 138. P, still inverted. Note new change of QRS complexes. Query, 2:1 heart 
block in auricular tachycardia or flutter. 

(B) July 18. Just ‘after pulse had been raised from about 62 to about 74 by ephedrine. 
Apparently auricular tachycardia of same rate as (A), now with a 4:1 ventricular 
response. 


the rate increased only from 40 to 48. At 11 he was still dyspneeic ; the 
heart rate was 50, very irregular and hard to count even by auscultation. 
Repeated injections of adrenaline and ephedrine were given without benefit. 
At 2.50 p.m. the rate was recorded for the last time as 32, and at 3 p.m. the 
patient died. 


Autopsy 
A complete autopsy was not made, but the thoracic viscera were removed. 
The lungs showed congestion only. The heart and pericardium were removed 
intact and placed in preservative. Some time later the pericardium was 
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opened and an abnormal prominence to the left of the pulmonary artery was 
noted, but the cavities of the heart were not opened until the main trunks of 
the coronary arteries had been dissected out throughout their superficial course 
and found to be normal. 

When the cavities of the heart were opened the three dilated pockets or 
aneurysms of the sinuses of Valsalva were at once apparent. They were filled 
with some recent soft blood-clot. There was also a considerable amount of 
old brown blood-clot, fairly firmly adherent to the inner walls of the sinuses, 
and this was picked off with a dissecting forceps. 


NOMENCLATURE OF THE AORTIC CUSPS 


When the left ventricle is opened out, the use of such terms as “ right,” 
“* left,” “ anterior,” and “ posterior” as descriptions of the aortic cusps and 
the sinuses that lie behind them may be confusing. The cusps are most 
readily identified by the mouths of the coronary arteries and the simplest 
method of description would be that of right coronary, left coronary, and non- 
coronary cusps. For that reason we have used a terminology that corresponds 
closely to this and for the sake of convenience we append the following 
glossary : 

The right aortic cusp is the cusp behind which the right coronary artery 
arises. It is also known as the anterior aortic cusp (British Revision, 1933). 

The left aortic cusp is the cusp behind which the left coronary artery arises. 
It is also known as the left posterior aortic cusp (B.R.). 

The posterior aortic cusp is the cusp behind which no coronary artery arises. 
It is also known as the right or right posterior aortic cusp (B.R.) 


DESCRIPTION OF THE HEART 


The heart was large, weighing 750 grammes. After it had been freely 
opened it was found to measure externally 14-5 cm. from base to apex by 
13-2 cm. from side to side. 

The pericardium was normal in appearance except for a small patch of 
fibrinous pericarditis at the apex, the result of the exploratory puncture made 
seven days before death. 

The coronary arteries had been dissected out throughout their course outside 
the heart muscle before the cavities of the heart were opened. They could be 
seen lying free from overlying connective tissue and were normal in appearance. 

The only striking abnormality to be seen from outside was the large 
prominence (well shown in Fig. 4) lying to the left of the pulmonary artery. 

The wall of the right auricle was 0-3 cm. thick, and of the left 0-3 cm. thick. 
The wall of the right ventricle was 0-5 cm. thick, and that of the left from 1-5 
to 2-0 cm. at its thickest. 

The cavities of the auricles and of the right ventricle were normal, except 
for the bulges to be seen on the ventricular walls of the auricles and the septal 

















ANEURYSMS OF SINUSES OF VALSALVA 69 


wall of the right ventricle. There was no defect of the inter-auricular septum ; 
no evidence of endocarditis, past or recent, on either walls or valves ; and no 
thinning of the walls at any of the points where they were deformed by the 
bulges. The pulmonary and tricuspid valves were normal ; also the cusps of 
the mitral valve ; but the mitral opening, 9-5 cm. in circumference, was con- 
siderably stretched and probably incompetent during life. 

Inspection of the cavity of the left ventricle showed that each sinus of 
Valsalva was expanded to a large aneurysm or pouch. A detailed description 





Fic. 4.—External view of the heart. Cavities had already been incised, but the outline was 
restored so far as possible. Arch of the aorta seen at the top. Below it the pulmonary 
artery. Beside it part of the left ventricle, showing protrusion of the aneurysm of the 
left sinus (slightly overlapped by the left auricular appendage). The root of the aorta is 
not shown. 


of each aneurysm will be given, but a brief general description should make it 
easier to understand the anomaly. 

The cavity of the left ventricle is described by anatomists as consisting of 
two parts: the main body of the ventricle with trabeculated walls ; and the 
aortic vestibule, that part of the cavity lying immediately below the aortic 
cusps, with smooth non-trabeculated walls. Normally this aortic vestibule 
forms a small part of the cavity, being a shallow irregular collar less than 1 cm. 
in depth. In the hypertrophied left ventricle this collar may be deeper. 

The abnormality found in our specimen consists in this, that the aortic 
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vestibule was considerably larger than normal, measuring 5-0 cm. from the 
free edge of the semilunar cusps to the upper edge of the trabeculated portion 
of the ventricular cavity, and was excavated by three pockets, measuring from 
3-0 to 49 cm. in depth, which were extensions downwards of the sinuses 
of Valsalva. 

Only one of these pockets deformed the outer aspect of the heart, that one 
being the aneurysm of the left sinus of Valsalva; it forms the bulge visible 
in Fig. 4 to the left of the pulmonary artery. The other pockets produced no 
prominence on the outside of the heart. 

This observation, that only the aneurysm of the left sinus produced a 
prominence on the outside of the heart, demonstrates that the aneurysms are 
dilatations of the sinuses of Valsalva, and not aneurysms of the aorta above 
the level of the sinuses. For in the normal heart the sinuses of Valsalva belong 
to the part of the aortic root that is entirely embraced by the heart wall except 
at one place, just to the left of the pulmonary artery, where a part of the left 
sinus of Valsalva is supported only by the wall of the aorta. 

The cavity of each aneurysm was lined to a large extent by endocardium, 
which was continuous on the ventricular wall of the cavity (the “ anterior ” 
wall when the heart is opened out, as in Fig. 5) with the endocardium of the 
aortic cusps, and on the aortic (or “ posterior’) wall with the intima of the 
aorta. Much of each cavity was lined by brown adherent blood-clot, and when 
this was picked off the endocardial lining underneath was seen to be replaced 
by what appeared to be fibrous tissue. So large a portion of each cavity 
possessed a smooth endocardial lining that it seems probable that the endo- 
cardium may once have been continuous over the whole inner wall and that 
it was destroyed only by organization of blood clots. Removal of the 
organized blood clot with a dissecting forceps did not in any place disclose 
a thinning of the wall underneath. 

The ventricular wall of each cavity was formed partly by its own cusp, 
and below the cusp by a uniformly thick partition (about 0-1 cm. thick), which 
appeared to consist mainly of fibrous tissue. Laterally each cavity narrowed 
considerably and was separated from its neighbour by a similar partition. The 
other (non-ventricular) wall of each cavity was formed by the adjacent portion 
of the myocardium, and the myocardial wall of the cavities did not appear to 
be eroded or thinned. 

The photograph (Fig. 5) shows the interior of the left ventricle, opened by 
an incision passing through the aorta at the junction of the left with the posterior 
aortic cusp. The left auricle too is shown opened out and the cusps of the 
mitral valve can be seen. The arch of the aorta can be identified by its three 
large branches, and the two coronary orifices can be seen. On the extreme 
left of the picture part of the cavity of the left auricle can be seen. Next from 
the left can be seen the cavity of the large left sinus of Valsalva cut across by 
the incision ; this has just opened the posterior margin, and so a very small 
part of the cavity is seen on the right of the picture as well (Fig. 5F) just 
above the attachment of the aortic cusp of the mitral valve. To the right 
of this is the mouth of the left sinus, the left aortic cusp being pulled upwards 
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and to the left by the traction on the heart wall required to display the specimen 
for photography ; the opening of the left coronary artery is clearly seen. 
To the right again, in the centre of the picture, is seen the mouth of the right 
sinus (Fig. 5D), with the opening of the right coronary artery just above 
it. Finally, beside it, is the mouth of the posterior sinus (Fig. SE) ; 
both this and the right sinus have been lightly packed with cotton wool for 





Fic. 5.—Interior of left ventricle. 


(A) Part of left auricle. (B) Cavity of left sinus cut across. (C) Opening of left sinus 
with orifice of left coronary artery just above. (D) Opening of right sinus with orifice 
of right coronary artery just above. (E) Opening of posterior sinus. (F) Cavity of 
left sinus cut across (corresponds to (B)). (G) Cavity of left auricle. (H) Anterior 
papillary muscle. The inferior papillary muscle is seen opposite (H) and below (G). 


photographic purposes. To the right again is the mitral valve and the left 
auricle. 

The intima of the aorta is smooth and normal in appearance, but a few 
yellow streaks are seen about the opening of the right coronary artery. The 
circumference of the aorta at this level is 7-7 cm. 
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The three aortic cusps are visible, and behind each cusp is the opening into 
a grossly dilated sinus of Valsalva, each of these openings measuring about 
2:5 cm. in diameter when the tension on the walls of the opened ventricle is 
relaxed enough to allow them to assume a roughly circular form. The width 
of the openings is not so great as the length of the aortic cusps, for each opening 
is separated from its neighbour by a roughly pyramidal buttress over 1-0 cm. 
thick at its base, to which the aortic cusps are attached. Similar buttresses 
may be seen serving as the points of attachment of the aortic cusps in many 
hearts in which the left ventricle is considerably enlarged. They are well shown 
in the photograph, the buttress between the right sinus and the posterior sinus 
standing out particularly clearly ; the buttress between the right sinus and the 
left sinus is less striking ; that between the left sinus and the posterior sinus 
can be recognized on the right of the photograph by the attachment of the 
aortic cusp of the mitral valve. 

The ends of the aortic cusps are attached to the buttresses springing from 
the aorta. Thus the aortic cusps lie at a lower level than normal, being in 
fact over 1-0 cm. lower than the openings of the coronary arteries. The upper 
level of each buttress lies at about the normal level of the point of attachment 
of the aortic cusps. In the case of the buttress lying between the posterior and 
the right sinuses the cusp is continued along the upper aspect of the buttress 
as a fold of endocardium, which suggests that the low position of the cusps 
may be the result of traction. The cusps of the pulmonary artery are normal 
in position, i.e. 1-0 cm. higher than the aortic cusps. 


The Posterior Sinus of Valsalva 


The posterior (right posterior, B.R.) aortic cusp is of normal thinness, 
but it alone presents one slight abnormality. The posterior sinus is 
separated from the anterior by a thick buttress. Similar buttresses exist at the 
other two points of junction, and in the case of the other two sinuses the aortic 
cusps are attached to the tip of the buttresses ; but,.in the case of the posterior 
aortic cusp, the end of the cusp that is related to the anterior aortic sinus does 
not end at its point of attachment to the buttress, but is prolonged along the 
superior surface of the cusp as a shallow fold of endocardium to the aortic 
attachment of the buttress. This fold of endocardium is so shallow (under 
1 mm. in depth) that it can only just be picked up with the fingers ; its length 
is 1-4 cm. The cusp proper is 2:8 cm. in length, and the corpus Arantii is 
situated in the middle of the cusp proper, and not in the middle of the 4-2 cm. 
long fold of cusp proper plus endocardial fold. 

The cavity of the posterior sinus is roughly spherical and 9 c.c. in volume. 
Its depth, measured from the free margin of the aortic cusp, is from 3-0 to 
3-5 cm. It is separated from the right sinus and from the left sinus by thick 
buttresses. It is related anteriorly to that smooth-walled part of the cavity 
of the left ventricle known as the aortic vestibule, and posteriorly it bulges into 


both right and left auricles. It also bulges slightly into the right sinus of 
Valsalva. 
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The orifice of the posterior sinus differs from the orifices of the other sinuses 
in that it is constricted by a thick semilunar fold, less than 1-0 cm. below the 
aortic cusp. The base of this fold is about 1-0 cm. in length and is attached 
to the buttress that separates the posterior from the left sinus. The free 
margin is directed to the right, is about 1-0 cm. distant from the base, and shows 
a very slight concavity. This fold constricts the orifice of the posterior sinus 
to a diameter of about 1-0 cm. Below this fold the sinus expands to a cavity 
of approximately 2-5 cm. in diameter. 


The Right Sinus of Valsalva 


The right (anterior, B.R.) aortic cusp is of normal thinness and the 
corpus Arantii can be felt half-way along its free margin, which measures 
4-1 cm. in length. 

The opening of the right coronary artery may be seen above the right 
aortic cusp. It is a little less than 1-0 cm. above the plane marking the opening 
of the sinus, and cannot be described as lying within the sinus. It lies 2-2 cm. 
from the junction of the right and left aortic cusps and 1-7 cm. from the 
junction of the right and posterior aortic cusps. It is 2-9 cm. from the orifice 
of the left coronary artery. Its orifice is of normal size, and a few faint yellow 
streaks (but not wrinkles) around it suggest a slight degree of atheroma. 

The cavity of the right aortic sinus measures 15 c.c. in volume. Its outline 
is that of a waistcoat pocket that tapers slightly towards its depth, the greatest 
depth being 40cm. The cavity has a ventricular aspect related to the smooth- 
walled aortic vestibule of the left ventricle ; the other aspect is related to both 
the right auricle and the right ventricle, and it produces very striking pro- 
minences on the walls of those chambers. The cavity of the right sinus occupies 
the whole of the inter-ventricular septum above the level of the line of junction 
of the aortic vestibule with the main body of the ventricle ; the dilated sinus 
is in such a position that it would seem to have interfered with the bundle of 
His, where it straddles the interventricular septum (the pars membranacea), 
dividing there into right and left branches. Yet there is no thinning of the 
sinus wall to be detected at this point, alluded to by authors, who have reported 
cases of aneurysm of the right sinus, as a locus minoris resistentia. 

The ventricular wall of the sinus is formed above by the aortic cusp, which is 
of approximately normal thinness and depth ; at the attached border of the 
aortic cusp a sudden transition in thickness is to be noted where the cusp 
gives place to the thicker sinus wall ; this wall appears to be mostly fibrous, 
but streaks of reddish strands (presumably muscle fibres) can be seen running 
up into it from the main body of the ventricular wall below. 


The Left Sinus of Valsalva 


The left (left posterior, B.R.) aortic cusp is of normal thinness, and the 
corpus Arantii can be felt half-way along its free margin. As the ventricle 
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was open by a cut that divided the aorta close to the cusp, this is more curled 
on itself than the other two. When straightened by gentle traction its free 
margin measured 3-7 cm. 

The dilated left sinus of Valsalva is by far the most striking of the three 
** aneurysms,”’ for it is the largest and is also the only one that is directly related 
to the external surface of the heart ; it forms the prominence so clearly seen in 
Fig. 5 to the left of the pulmonary artery. 

It would have been almost impossible to have opened the left ventricle 
without opening up one of the sinuses in some place, and fortunately the 
incision does not pass across the middle of the cavity, but opens it at its extreme 
posterior border near the aortic cusp of the mitral valve. 

The volume of the left sinus is hard to measure owing to the incision made, 
but it holds over 50 c.c. and probably between 60 and 70 c.c. The greatest 
depth of the cavity is 4-9 cm. and its greatest breadth 6:9 cm. It extends 
downwards from the free margin of the left aortic cusp to about the line of 
junction between the aortic vestibule and the main body of the ventricle. 
Internally it is related to the cavity of the left ventricle. Externally it bulges 
into the pericardial sac to the left of the pulmonary artery. It is not related to 
any of the other chambers of the heart, but it extends the whole way across the 
upper part of the left ventricle from the inter-ventricular septum in front and to 
the right to the attachment of the aortic cusp of the mitral valve behind and to 
the left. 

The orifice of the left coronary artery lies a little above the point of junction 
of right and left aortic cusps, being thus outside the sinus. 


I have presented the clinical and anatomical record of this unusual case as 
fully and accurately as I can, and leave it for those who are competent to discuss 
it. The term ‘ congenital aneurysm ” was used in the title of this paper, because 
I cannot think of any morbid process capable of producing the condition 
described after the stage of development is past. 


DISCUSSION 


In most text-books aneurysm of the sinuses of Valsalva receives only the 
briefest mention, and the usual causes described are syphilis and ulcerative 
endocarditis. I have not attempted to survey the subject of aneurysms of 
the aorta involving one or more of the sinuses of Valsalva, but only those 
communications that record an abnormal dilatation of all three sinuses. 

Instances of presumed congenital aneurysm of one sinus have been recorded, 
the sinus affected being in nearly every case the right (or anterior) sinus. These 
aneurysms are discussed by Maude Abbott (1927 and 1932). Henke and 
Lubarsch (1924) also devote several pages to the subject. 
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I have been able to find only three records of cases with aneurysms or 
pathological dilatations of all three sinuses, those of Carpentieri (Naples), of 
Barnscheidt (Bonn), and of Haban (Budapest). 


Carpentieri’s case (1912).—The patient died after an illness of four days. 
He was 45 years old and a deaf-mute, so that it was difficult to take a history 
of the illness. He was too sick for thorough examination, but cedema of both 
lower limbs was recorded. The apex beat was 3-0 cm. outside the mid- 
clavicular line in the sixth space. There was a presystolic-systolic murmur 
audible at the apex and a systolic murmur at the aortic area. There was no 
record of the heart rhythm. 

The heart was enlarged, measuring 12-0 cm. at its base by 12-7 cm. in its 
greatest length. The left ventricle, which was responsible for most of the 
enlargement, was enormously dilated ; its walls were 2-3 cm. thick, and the 
mitral orifice was dilated and admitted three fingers easily, but was not in- 
competent, in Carpentieri’s opinion, as the dilatation was compensated for 
by the length of the cusps. 

The aortic cusps were thickened and shortened by “ atheromatous scars,” 
but the aortic orifice was nevertheless normal. The aorta itself showed 
** atheromatous scars.” 

The three sinuses of Valsalva were represented by three large cavities, but 
their position is obviously different from that in our specimen, for they are 
described as presenting swellings about the size of a nut on the exterior of the 
aorta. Another important difference is that the lower limit of each cavity 
was formed by the attachment of the cusp, whereas in our specimen the cusps 
are attached to the anterior wall of the cavity, which extends downwards about 
4 cm. below the level of their free margin. Neither the relations nor the size 
of the three sinuses were carefully described, but the left was mentioned as 
being the largest and as excavating a small tract of the upper wall of the left 
ventricle. The walls of the sinuses, especially of the left, were very thin 
(sottilissime). 

No abnormal communication existed between the chambers of the heart, or 
between the aorta and pulmonary artery. 

There was, in the author’s opinion, no evidence of syphilis ; but the patient 
died early in 1911, and apparently no test was done on his serum ; the “ athero- 
matous scars ” described on the aorta and the aortic cusps should be noted. 


Barnscheidt’s case (1920).—This has not been published, but is mentioned 
by Henke and Lubarsch. The specimen was described by Barnscheidt in 
1920. I wish to express my gratitude to the authorities of the Bonn University 
Library for their great courtesy in lending me the thesis presented by Dr. 
Barnscheidt for his doctor’s degree. 

The heart was a museum specimen, the clinical history of which was not 
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known. It was described as “ relatively small.” The wall of the left ventricle 
had a greatest thickness of 1-9 cm. and an average thickness of 1-4 cm. The 
aorta was healthy and the aortic orifice had a circumference of 5-3 cm. The 
myocardium and endocardium appeared healthy. 

The aortic cusps were unusually thin and shiny and greatly altered in 
configuration through the part which they took in forming the aneurysms. 
Each sinus showed a marked dilatation (eine erhebliche Ausbuchtung), the 
depth of the right and posterior sinuses being about 1 cm., while that of the 
left sinus was less. In all three sinuses the direction of the dilatation was 
sideways and horizontal, but also downwards in the direction of the left 
ventricle. The surfaces of contact of the cusps were thus increased in breadth 
to about 4 mm. On the inferior margin of these surfaces a swelling about 
2 mm. thick had formed, on which slight verrucosities were to be found. These 
changes were best marked on the posterior cusp. 

The dilatations were not all of the same volume ; the posterior sinus was 
the largest, the right was slightly smaller, while the left was considerably 
smaller with a depth of only about 0-5 cm. measured horizontally. No 
perforations were present. 

Barnscheidt gave it as his opinion that the aortic valve cannot have been 
incompetent ; the possibility of some degree of aortic stenosis cannot, he 
thinks, be so readily denied, as the aneurysmal sacs hanging down into the 
left ventricle may well have given rise to some narrowing of the aortic orifice. 
The endocardial changes on the inferior surfaces of the aortic cusps must 
have been secondary. 

Barnscheidt gave no measurements apart from those we have quoted, but 
the thesis contains a photograph of the specimen that suggests that the 
‘** aneurysms * were very small. The heart was a formalin-specimen in the 
museum and the difficulties of examining and photographing such an old 
hardened preparation must have been very great. 


Haban’s case (1937).—A man, aged 46, was admitted to St. Stephan Hospital 
in Budapest three days after duodenal perforation. He died some hours after 
operation. Nothing was reported about his previous history. 

The heart showed syphilitic changes confined to the sinuses of Valsalva 
and the aortic cusps, but Haban holds (with reason, we think, judging by his 
description) that the syphilitic process was not the cause of the aneurysms, 
and that an abnormal dilatation of all three sinuses must have already been 
present. The degree of dilatation was slight, the right sinus being the largest ; 
it was described as being large enough to admit completely the terminal phalanx 
of the thumb. The posterior sinus was the next largest, and the left sinus 
the smallest, being described as markedly larger than normal. 














ANEURYSMS OF SINUSES OF VALSALVA 
SUMMARY 


1. A case is described in which aneurysms, or more correctly gross dilata- 
tions, of all three sinuses of Valsalva were present. 


2. The left ventricle was considerably hypertrophied, but apart from this 
and the aneurysms the heart was healthy. There was no evidence of syphilis 
or endocarditis, recent or old-standing. There were no perforations or 
abnormal communications between the chambers of the heart. 


3. The aneurysms were deep (nearly 5-0 cm.) pocket-like extensions of the 
sinuses of Valsalva in a downward direction. They excavated the smooth- 
walled part of the ventricle described as the aortic vestibule, but not the thick 
trabeculated portion of the wall. Their symmetry, their endocardial lining, 
and the absence of syphilitic or ulcerative changes were strongly suggestive of a 
congenital abnormality. 


4. The aneurysm of the left sinus measured over 60 c.c. in volume. It 
formed a prominence on the surface of the heart to the left of the pulmonary 
artery. 


5. The aneurysm of the right sinus measured 15 c.c. in volume. It bulged 
into both the right auricle and the right ventricle. The presence of this 
aneurysm in the interventricular septum is believed to have produced the 
heart-block from which the patient died. 


6. The aneurysm of the posterior sinus measured 9 c.c. in volume. It 
bulged into both the right and left auricles. 


7. The patient was free from symptoms of heart disease till a few months 
before his death. He died from acute cardiac failure and complete heart block, 
and during his last illness several interesting disturbances of rhythm occurred. 


8. Records of three other cases of aneurysm of all three sinuses of Valsalva 
have been found and discussed. In all the degree of dilatation was con- 
siderably less than in the case here recorded, and the direction of the excavation 
appears to have been different. 


I am indebted to my medical colleague, Dr. J. A. Wallace, for his help with the clinical 
aspect of the case and for the electrocardiographic examinations and reports. Dr. J. Kay 
Jamieson and Dr. R. G. Inkster devoted much time and trouble to dissecting and photo- 
graphing the specimen, and I owe much to their advice and help. 

I wish also to thank Dr. Maude Abbott, Dr. Wardrop Griffith, and Dr. C. P. Martin, 
whose replies to my letters asking for help contained so many useful suggestions. 

I acknowledge my gratitude to the authorities of the Bonn University Library for their 
great courtesy in lending me the thesis presented by Dr. Barnscheidt for his doctor’s degree. 


R. H. MICKS 


REFERENCES 


Barnscheidt, K. (1920). Jnaug. Diss. (Bonn). Not published. In the University Library, 
Bonn. 

Carpentieri, T. (1912). Riforma Med., 31, 841. 

Haban, G. (1937). Ztschr. f. Kreislaufforschung, 29, 74. 

Henke und Lubarsch (1924). Handb. d. spez. path. Anat. u. Histol., 2, 227 and 749. 

Nelson (1932). Nelson's Loose-Leaf Medicine, p. 271. 

Osler and McCrae (1927). Modern Medicine, p. 711. 

















A SINGLE CORONARY ARTERY 


BY 
E. S. J. KING 


From the Department of Pathology, University of Melbourne, Australia 
Received December 8, 1939 


Many different anomalies of the coronary vessels have been observed. The 
minor varieties are quite common, but the more gross forms are relatively rare. 
An example of one of these gross forms is given in this paper. 

The variations may be divided into a number of groups: (1) in origin, 
(2) in number, and (3) in distribution and size. 

Anomalies in origin are due to the vessel starting abnormally : (a) from 
the common arterial trunk, and this is often found where there are other 
associated disturbances of development ; (b) from the pulmonary artery, when 
changes develop secondarily both in the artery and in the myocardium, changes 
that depend directly on this aberrant origin of the vessel; and (c) from 
the aorta, at a variable distance above the level of the cusps. 

Anomalies in the number of vessels are rather more common and may be 
unusual by a reduction or by an increase in the number ; thus on the one 
hand there may be only one artery arising from the aorta, or on the other 
hand there may be three, four, or more vessels. As far as their supply to the 
myocardium is concerned they merely take the place of the normally occurring 
vessels in most instances. Thus a single artery is usually much larger and 
gives a supply to the whole of the heart, whereas an increased number of 
vessels are individually smaller and correspond in their distribution to one or 
more of the branches of the normal arteries. 

Anomalies in distribution and size depend to a considerable extent on, and 
run pari passu with, anomalies in the number of main trunks. 


CASE REPORT 


A man, aged 45 years, died from a lobar pneumonia after six days’ illness. 
There was consolidation of the lung, affecting the basal and middle portion 
of the left lung and the basal lobe of the right lung. There were toxic changes 
in the liver, spleen, and kidneys. The pericardium contained about 2 oz. of 
straw-coloured fluid. The heart weighed 16 oz. and showed a thickened left 
ventricle, which was somewhat dilated also. The valves were normal. There 
were some atheromatous patches on the proximal part of the aorta. 
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The coronary vessels presented an unusual distribution in that there was only 
one main orifice, which arose from the right sinus (Fig. 1). This opening was 
large, being 9 mm. in diameter. There was no suggestion of an orifice in 
the left sinus. In the depths of the orifice there could be seen three openings, 
of which one was large and the other two, lying in front of this, were small 
(Fig. 2). On the exterior three vessels arose from the main region of the 





Fic. 1.—Photograph of the heart, opened to show the left ventricle and aorta. The large 
orifice of the right coronary artery is visible in the right sinus, but there is no corresponding 
opening in the left sinus. 


aorta, at a position corresponding to that usually occupied by the right coronary 
artery. 

The first and largest trunk corresponded to a right coronary artery and ran 
in the usual manner, in the coronary sulcus, but differed from the usual course 
in that it passed round the heart to terminate on the anterior aspect, near the 
anterior longitudinal sulcus (Fig. 3). In its proximal part it was 6 mm. in 
diameter and much more tortuous than usual, but its walls were of normal 
thickness. At the right border of the heart it gave a large marginal branch 
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which passed down the margo acutus to supply this portion of the right 
ventricular wall. On the posterior aspect of the heart there was another 
large branch, passing distally and supplying the posterior aspect of the right 
ventricle. In the region of the posterior inter-ventricular sulcus a large branch 





Fic. 2.—A closer view of the coronary artery, showing a large orifice in its depths 
and two smaller openings to its right, one above the other. 


Fic. 3.—Diagram to show the distri- 
bution of the vessels. Arising from 
a common origin on the right side 
of the aorta are three trunks: a 
large vessel, corresponding to the 
right coronary artery, passing right 
round the heart in the coronary 
sulcus; a small _ intermediate 
branch running down on the front 
of the right ventricle ; and a large 
vessel running across in front of 
the aorta and pulmonary artery, and 
turning down to occupy the anterior 
inter-ventricular sulcus. There is 
an anastomosis between this and 
the termination of the first vessel 
mentioned. 





(corresponding to the posterior descending branch) passed down the sulcus, 
giving branches to both ventricles and terminating in the region of the apex. 
In that part of the course of the main artery just described there were smaller 
branches distributed to the adjacent arterial and ventricular walls. 

After giving off the posterior descending branch, the main artery continued 
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in the coronary sulcus, and gave further branches to the ventricles (rami 
collaterales), to the atrium, and a left marginal branch which ran down the 
margo obtusus. It then passed round on to the anterior aspect of the heart 
and anastomosed with an anterior artery (to be described). From all the 
vessels described small branches passed into the myocardium, and some 
larger arteries passed into the region of the septum from the main artery and 
the posterior descending branch. 

The second trunk, arising from the common opening in the sinus, passed 
down over the front of the right ventricular wall and divided into numerous 
small branches about half way down this wall. 

The third trunk, arising in the common orifice on the left side of the two 
just mentioned, ran across the upper part of the right ventricle in front of the 
aorta and pulmonary artery. On reaching the anterior longitudinal sulcus it 
passed downwards in this to the apex. It gave numerous branches—to the 
pulmonary artery (infundibular branch), atrial rami, and deep muscular 
branches, the largest being in the region of the septum. At the apex of the 
heart this anterior descending branch appeared to anastomose with the terminal 
rami of the posterior descending branch. At the point where the vessels 
entered the anterior longitudinal sulcus, there was a small anastomosis with 
the terminal part of the large right coronary vessels. 


DISCUSSION 


Several classical cases of “‘ absence ” of the left coronary artery have been 
recorded, notably those of Bockdalek (1867), Gallavardin and Ravault (1925), 
Smith and Graber (1926), Gratzer (1926), Kintner (1931), Born (1933), and 
Sanes (1937). 

The origin from the aorta is very variable and usually consists of one 
orifice and one main trunk that divides into two (Gallavardin and Ravault) 
or three (Bockdalek) branches. On the other hand two (Kintner) or three 
(Gratzer) separate openings have been found in the same sinus. 

The course of the vessels is also subject to considerable variation. In most 
of the cases (Bockdalek, Gallavardin, and Ravault, Kintner, Born, and Sanes) 
one vessel passes from the origin deeply into the interventricular septum and 
after traversing this appears at some point on the anterior longitudinal sulcus 
where it continues as an anterior descending branch. 

In the case described by Smith and Graber, as in that recorded here, the 
anterior descending branch arises from a vessel running in front of the conus ; 
the distribution of the vessels, however, is different. 

From consideration of these various cases the explanation of the anomalies 
is simple. Thus various anastomotic vessels become enlarged and, as in other 
parts of the body, become sufficiently important to replace the ordinary vessels. 
This is easily seen by comparison of the two diagrams shown in Fig. 4. 

In the present case there is a great enlargement of the right coronary artery, 
which replaces the circumflex branch of the left coronary artery. In addition 
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the anastomotic vessels between the right and left coronary vessels in front 
of the conus (Konus-anastomose) have become the significant supply of the 
area usually supplied by the anterior descending branch of the left coronary. 
The reason for such aberrant development cannot be known accurately 
and the various hypotheses—in the absence of definite evidence of vascular 
disturbance in feetal life—do not warrant discussion. The blood supply to 
the myocardium in these cases is, in the absence of acquired disease of the 
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Fic. 4.—Diagram to show the relationship of the vascular distribution in a normal case (A) 
and in this case (B). 

(A) The two vessels, right and left coronary arteries, are shown with their principle 
branches. The dotted line indicates a small anastomosis in front of the pulmonary 
artery—the conus anastomosis. 

(B) The large vessel that arises from the right sinus and immediately divides into 
three is shown. The main vessel corresponds to the right coronary artery and most 
of the left circumflex branch. The intermediate vessel corresponds to an anterior 
branch of the right coronary artery. The left vessel occupies the position of the conus 
anastomosis and corresponds in distribution to the anterior descending branch and 
a small part of the left circumflex branch. 





vessels, sufficient for the supply of the myocardium, and the actual route taken 
by the blood is of little consequence. 

The blood supply to the myocardium is thus merely a variant of the normal 
arrangement, “ absent” vessels being replaced by branches of other arteries 
that follow much the same course as the “‘ absent’ vessels would. 
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SUMMARY 


A case of a “ single ” right coronary artery has been described and also its 
distribution to the myocardium. The large artery immediately divided into 
three branches. The main vessel took the usual place of the right coronary 
artery and of most of the circumflex branch of the left coronary artery. 
The intermediate vessel took the place of an anterior branch of the right 
coronary artery. The third, passing along the usual site of the small conus 
anastomosis, took the place of the anterior descending branch of the left 
coronary artery. 
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Deficiency in thiamin, a factor of the vitamin B complex, may cause severe 
circulatory insufficiency. It is, therefore, of interest to study the circulation 
in another type of B-avitaminosis—pellagra. 

The circulatory disturbances encountered in pellagra are of no great clinical 
significance. Frequently low arterial pressure and tachycardia are present. 
(Edema, if there is any, can scarcely be attributed to circulatory insufficiency, 
even if exclusively present at the lower extremities. As shown by the example 
of beri-beri and the famine oedema, this accumulation of fluid is especially 
connected with changes of the tissue itself and the composition of the plasma. 

For these reasons it is particularly the electrocardiogram that is dealt with 
in this paper. As far as we know only Porter (1934) and Feil (1936) have 
studied this question. The former found nothing more than sinus tachycardia ; 
the latter, who investigated 38 pellagra patients, found in 14 of them electro- 
cardiographic changes that could not be attributed to other circulatory dis- 
turbances. There was sinus tachycardia, low voltage of the ventricular complex, 
a high T, a Pardee-type of T, an abnormals hape of the S—T portion, as well as 
a negative T wave. In the chest lead also some abnormalities were found, 
e.g. low voltage, M-shape of the ventricular complex, a monophasic S-T, or 
an upright T. The changes in the electrocardiogram gradually disappeared, in 
part, when the pellagra itself was cured, thus revealing their relationship with 
the disease. 


PRESENT INVESTIGATION 


We have 45 electrocardiographic records of 23 pellagra patients (15 men 
and 8 women) ; 21 suffered from the chronic type of the disease and 2 from 
a first attack of the acute type (Cases 21 and 22). Eight of the men and one 
woman were over 50 years of age. This is of some significance since, with 
advancing age, the possibility of cardiographic changes due to coronary sclerosis 
increases, even without clinical symptoms. We therefore separated our 
material into two groups, below and above this age. Patients who had 
circulatory symptoms clinically were excluded from these investigations. The 
blood pressure of the patients varied from 85/55 to 190/95 mm. In one only 
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was there a high arterial pressure ; but his cardiogram showed nothing ab- 
normal. In all the others the pressure was below 150 mm. Some of the 
individual data may be seen in Table II. No drugs likely to influence the shape 
of the cardiogram (e.g. digitalis, quinidine, etc.) were given. In all 23 the 
cardiogram was taken immediately after the patient’s admission ; in 11 of 
them additional records were taken once or more during their stay in hospital. 

The records were taken with an amplifier electrocardiograph in the three 
classical leads, and in 18 cases with the chest lead too (apex of the heart—left 
leg).* The electrodes were connected in such a way that in normal cases T was 
negative. The standard gauge of amplitude was 10 mm.=ImV. 


RESULTS 


The results of these investigations are shown in the following tables and 
figures. Among the abnormalities observed, the most frequent was sinus 
tachycardia, which occurred in about one third. In one patient (Case 18) it 
was not certain, on account of his high temperature, whether there was an 
actual connection between this cardiac phenomenon and the pellagra. Similar 
findings were also obtained in some older persons, where they were particularly 
striking in view of the senile bradycardia. 

Table I shows that in nearly half of the cases the electrocardiogram was 
normal, and also that the abnormalities observed were of various types. 
Alteration of the S-T interval and of the T wave were present in all the 
pathological records (13 out of 23). Moreover, there was frequently deforma- 
tion of the ventricular complex (low voltage or notching) in a total of six cases. 
Pathological manifestations of this kind in lead IV were presented by 
practically half the patients (see Table 1). 


TABLE I 


ELECTROCARDIOGRAPHIC ABNORMALITIES IN PELLAGRA 











Percentage 
, ee Number | Number over | : : 
Electrocardiographic Findings | with this 
of Cases ” Years of Age! Abnormality 

Normal records Ww ‘is ~ * 10 | 2 _ 
Abnormal records .. a co 13 } 7 57 
Sinus tachycardia (90 or over) we 9 7 39 
Auricular fibrillation (1 case) or Ven- 

tricular extrasystoles (3 cases) . — a 1 17 
Low voltage of QRS (below 5 mm.) 2 2 9 
Notching of the QRS (4) or Large Q; (1).. 5 3 21 
S-T interval above or below zero level .. 3 | 13 
Negative T, (1) or negative T, and T; (1) 2 1 8 
Abnormalities of lead IV (18 cases only) . 11 4 61 

Low voltage 3 1 16 

Notching of R (3) or M form of ORS Q) | 5 3 27 

Upright T (4) or Absent T (3) | 7 2 39 





* It will be seen that the lead IV records were taken before the publication of the recom- 
mendations of the Cardiac Society and the American Heart Association and do not conform 
to these recommendations. 
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The findings in these records show no features characteristic of pellagra. 
Two clinical arguments, however, favour the assumption that the disturbances 
have some causal relationship with pellagra. 

The first argument is the high incidence (57 per cent.) of a pathological 
electrocardiogram in pellagrins with an otherwise normal circulation. This 
holds true even remembering that in older persons such findings may result 
from coronary sclerosis without clinical symptoms and that half our patients 
with a pathological electrocardiogram were over 50 years of age. On the other 
hand, there was a very abnormal electrocardiogram in one female pellagrin 
of 23, who subsequently succumbed to the disease. 

The second and decisive argument concerns the parallelism between the 
course of the disease and the development of the electrocardiogram, in cases 
either with improvement or even cure and in those with deterioration or death. 
Decisive proof, however, is furnished by the fact that the pathological electro- 
cardiogram returned to normal, parallel to the proceeding improvement of the 
process ; while such an occurrence could scarcely be expected if the changes 
were due to coronary sclerosis (apart from the occurrence of acute infarction). 
Other irreversible heart affections that might have induced the electrocardio- 
graphic symptoms could be ruled out by the clinical findings. 


TABLE Il 


CASES OF PELLAGRA WITH ABNORMAL ELECTROCARDIOGRAMS * 





| 





—— " | Age | Sex | Parl Rate Abnormalities 
1 50 M 95/55 | 70 | Extrasystoles, S-T above zero level (II, III). a 
4 50 M 110/70 | 78 | Flat T,, Upright T,. 
6 46 M | 110/55 80 | Flat T,, Low voltage lead IV 
9 70 M 135/70 | 115 | S-T, below zero level 
10 60 M | 110/65 | 92 | Low voltage, Absent T, 
11 54 M 145/80 | 79 | Notching of QRS;, M complex of QRS,, 
Absent T, 
12 66 M 130/80 | 72 | Notching of QRS, and ;, Flat T,, Negative T, 
| and T, 
13 55 | M 90/70 | 88 | Flat T,, M complex of QRS, 
14 58 M | 120/70 85 | Low voltage, Notching of QRS,, M complex 
| | | of QRS, 
17 36 F 95/60 | 120 | Flat T, 
18 23 F 95/55 | 120 | Absence of T,, T., and T,, Low voltage 
lead IV 
22 46 | F | 120/80 85 | Large Q;, S-T depressed (I, I1), Negative T,, 
| | Flat T, 
23 80 | F 110/80 | 110 | Aur. fib., Notching of QRS, and ;, Absent T, 





. From several records of the same patient, we have chosen, in this Table, the most 
characteristic one. 


Table II is supplementary to Table I and gives a brief description of the 
clinical data and pathological records observed in the 13 pellagra patients, who 
had such abnormal records. There were a total of 11 cases in which we 
had the opportunity of following up the development of the electrocardiogram. 
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Details of these 11 cases follow and they could be divided into three 
groups—those with no electrocardiographic change after recovery (3 cases), 
those with electrocardiographic improvement after treatment (3 cases), and 
those with the electrocardiogram becoming worse as the disease progressed 
(5 cases). 


Group I.—Cases with No Electrocardiographic Change after Recovery 


In three cases no change of the cardiogram was observed after recovery 
following nicotinic acid treatment. 

The first (Case 21) had acute pellagra (first attack) and the cardiogram 
was normal from the beginning. 

In the second (Case 7) conditions were similar. A woman, aged 46, suffered 
from a mild type of pellagra, the duration of which could not be determined 
from the history. At the climax of the disease the cardiogram showed no 
pathological features, and during recovery there were no changes except a 
moderate increase of T, which had been normal from the beginning in all three 
leads. 

The third was a woman of 80 (Case 23). Although the pellagra symptoms 
rapidly improved (diarrhoea, psychic manifestations, and dermatitis) the 
pathological cardiogram—possibly arteriosclerotic in nature—persisted un- 
changed throughout the 18 days’ of observation. 


Group II.—Cases with Electrocardiographic Improvement after Treatment 


In the second group (three patients, all treated with nicotinic acid) decrease 
or disappearance of the pathological character of the cardiogram was observed, 
parallel to the clinical improvement of the pellagra. 

It must be admitted that the first two did not show such peculiarities of the 
cardiogram, even at the climax of the process, that the record could be called 
pathological (and they are, therefore, not recorded in Table II). The records 
taken during convalescence, however, differed greatly from the earlier ones, 
so that it appears that these had been pathological. 


Case 15.—A man, aged 65, was under observation for two months in 1939. Since 
1934 there had occasionally been diarrhoea. He showed moderate glossitis and the 
typical pellagra dermatitis of the backs of both hands, which was suggestive of a 
long-standing process. Nicotinic acid rapidly caused the disappearance of these 
symptoms, the old pellagra skin coming off in pieces. 

The first cardiogram showed no pathological change. Another, taken no more 
than 5 days later, showed slowing of the rate from 100 to 83 and an increase of the 
ventricular complex in all leads, as well as a more distinctly formed S,, this having 
been but rudimentary in the first record. 

Case 5.—A boy, aged 5, had been under clinical treatment for alimentary anemia 
accompanied by cutaneous hemorrhages in 1938. Then he was again in hospital for 
pellagra for three months to March 1939. There was frequent diarrheea, glossitis, 
hyperkeratosis of the arms, pigmentation of the face, and a hypochromic anemia. 
With an adequate diet and vitamins A, D, and C, as well as nicotinic acid, iron, 
and liver extract, the symptoms subsided 














THE ELECTROCARDIOGRAM IN PELLAGRA 89 

The first cardiogram could not be called pathological. It presented a large T,, a 
large T, and a slightly negative T, with a pulse rate of 95. In the record taken 
towards the end of the treatment T was more distinctly separated from S-T in leads I 
and II. Qs;, which had been present previously, had disappeared and T; had become 
positive. 

Case 22.—A woman, aged 46, who had been under clinical treatment from 
February to May, presented pellagra dermatitis of the backs of both feet of five months 
duration. There were psychic changes in addition, but no particular digestive 
troubles. Nicotinic acid treatment improved the psychic condition within a few 
days and later the skin symptoms. 
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Fic. 1.—Cardiogram improving with recovery from pellagra (Case 22) ; (A) before treatment 
was started, showing flat T waves in leads I and II and changes in the isoelectric level 
of S-T ; (B) and (C) after treatment for 18 and 24 days, showing improvement in the 
T waves in leads I and II (see text). 


The first cardiogram (Fig. 1) was pathological. S-T, was below the isoelectric 
level. and there was only a suggestion of T, ; S-T, and T, had melted into a straight 
line slightly upwards, S~T, was above the zero level, and T, was positive. In the 
record taken 18 days later S-T, and S—T, were on the zero level. T, and T, were 
positive, well developed, and distinctly separated from the S—T, interval. S-—T, was 
now on the isoelectric level and T, was absent. 


Group I1I.—Cases with the Electrocardiogram becoming Worse as the 
Disease Progressed 

The third group included 5 patients all of whom belonged to the period before 

nicotinic acid treatment was introduced into the therapy of pellagra. In all 

of them the cardiogram became more pathological in the course of the process. 








90 F. MAINZER AND M. KRAUSE 


This occurred in two patients during their stay in hospital. One responded in- 
sufficiently to the treatment (yeast and liver extract) and another did not respond 
at all. In the three others the pathological development of the cardiogram 
appeared during relapses at home, after the first attack had readily responded 
to the treatment. The relapses had been caused by a return to their usual 
diet. As in the second group, these patients could be separated into those in 
whom the curves were at first normal or practically normal (although the 
pellagra process was already present) and the development of pathological 
signs occurred later, and those in whom the cardiogram was abnormal from 
the beginning and became more so during the course of the disease. Most of 
the cases of this group were of the type in which, at the beginning, the cardio- 
gram showed insignificant changes that by no means ranked as abnormal, 
but took on a pathological character during the development of the disease. 


Case 13.—A man, aged 55, had been admitted to the hospital in spring 1937 
for chronic pellagra with diarrhoea, dermatitis, and psychic disturbances. After two 
months’ treatment with yeast and liver extract he was discharged without symptoms. 
In November he was re-admitted with a relapse, which had begun 20 days earlier with 
diarrhoea. The same treatment that had been given during his first admission was 
not so satisfactory and the intestinal troubles persisted. 

We have at our disposal four records of this patient, three taken during his first 
stay in hospital and one in the relapse. The first showed nothing pathological. The 
two following (taken at intervals of one month) were characterized by a diminishing 
voltage of T,, although the clinical improvement progressed. Eight months later 
(during the relapse) this decrease of voltage had reached such a degree that T, was 
now scarcely to be seen. R-—S, showed notching in this last record. In lead IV S-T 
and T had assumed a pathological shape, but the corresponding lead of the previous 
records was not at our disposal. The excursion of the ventricular complex, however, 
did not change. 


Case 6.—A man, aged 50, was admitted to the hospital on account of pellagra in 
February 1938. There were typical changes of the skin on the face, neck, and hands. 
He had been suffering from diarrhoea for six weeks. Two months’ treatment with 
yeast and liver extract caused the disappearance of his symptoms. Four months 
later (August), he was re-admitted with a relapse. No notes of his further course are 
available. 

The cardiogram taken at the climax of the disease was not pathological. That, 
however, taken during the relapse (August) showed marked decrease of the voltage 
of the ventricular complex in all leads. There was only a suggestion of T,, and T, 
had become smaller. S—T,; and T; had melted into a slightly inclining convex line, 
and so had S—T, and Ty, except that in the latter the line declined slightly. The 
cardiogram had, therefore, become pathological. 


Case 14.—A man, aged 58, was under clinical treatment for pellagra from May to 
August 1937. The skin of his hands had been affected two years earlier. For six 
months he had been suffering from diarrhoea. After ten weeks’ treatment with yeast 
and liver extract the pellagra dermatitis disappeared, while the diarrhoea improved 
but had not subsided altogether when he was discharged. 

The first record showed notching at R-S, at its base. The S—T; interval and 
T; had melted into a slightly convex curve. In the record taken one month later 
the ventricular complex as well as T had decreased in voltage in all three classical 
leads. At the top of R, notching has appeared and in lead III the ventricular 
complex has assumed an M shape (Fig. 2). 
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Fic. 2.—Cardiogram showing deterioration as the pellagra became worse (Case 14). 
(A) July 7. Flat T in lead III: (B) August 4. Diminishing voltage and T waves (see text). 


Case 17.—A woman, aged 36, was under treatment from November 1936 to 
January 1937. Her pellagra had set in three months before her first admission. In 
the early stages there had been a painful glossitis and a dermatitis of the hands, and 
later pronounced psychic disturbances. The abnormal excitability of this patient 
(it was during the pre-nicotinic era) rendered every attempt at suitable treatment 
impossible. Three times she left hospital during an attack of depressive agitation 
and remained at home for several days. In view of these conditions, the disease 
proceeded, and in January 1937 she died. 

The first cardiogram was normal. In a later one the voltage of the ventricular 
complex had decreased and T, was scarcely recognizable. T, and T; had also 
become smaller and showed a growing tendency to fuse with the preceding S—T 
interval (Fig. 3). 
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Fic. 3.—Cardiogram deteriorating in a fatal case of pellagra (Case 17). 
(A) November 1936. Normal ; (B) January 1937. Showing voltage becoming lower 
and T waves flatter. 
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Case 18.—A woman, aged 23, had been under treatment for severe pellagra from 
May until her death in August 1937. The disease had started with diarrhcea in 
March and it was a febrile pellagra of the severest type, with dermatitis of the hands 
and feet, psychic disturbances, and anemia. Large doses of yeast and liver extract 
improved the anemia, but she succumbed to the disease. 

The first cardiogram was of normal voltage, but T, was practically absent and in 
lead III the ventricular complex was M shaped and T, was negative. In the subse- 
quent records, taken at intervals of 3—S weeks, the voltage was gradually reduced, 
and in the last record, T,, T;, and Q, had disappeared. This group of cardiograms 
shows instructively the progressive increase of the pathological character (Fig. 4). 























Fic. 4.—Cardiogram deteriorating in a fatal case of pellagra (Case 18). 
(A) May 11. Flat T in lead II; (B), (C), and (D) June 23, July 19 and August 4. Show- 
ing voltage becoming lower and T waves flatter. 


The P-R interval was on the whole normal, between 0-12 and 0-20 seconds. 
In three instances it was below 0-12 seconds. One child of five, where P-R 
was 0-11 sec. cannot be called abnormal (Case 22). The two other findings 
of this type, however where P—R was 0-10 sec. (Case 10) and 0-11 sec. (Case 13), 
were certainly pathological. 

The duration of the electric systole as measured by the Q-T interval was 
not characteristically changed. This was plotted out in a diagram, comparing 
it with the pulse rate, but with one exception the points all fell within normal 
limits, showing that this is not influenced by pellagra (see Fig. 5). Further, a 
careful comparison suggested no correspondence between the Q-T interval 
and the clinical course of the pellagra process. 

As regards the rate of the heart, sinus tachycardia was often encountered, 











THE ELECTROCARDIOGRAM IN PELLAGRA 93 


as may be seen from Tables I and II. During the period of convalescence we 
found remarkable bradycardia four times (Cases 7, 19, 20, and 22). 
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Fic. 5.—Comparison of the electric systole of the heart (Q-T interval) with the heart rate 
(R-R interval). 


COMMENT AND DISCUSSION 


In contrast to the clinical picture, in which disturbances of the cardiac 
function play no important rdéle, the electrocardiogram is often changed in 
pellagra. Abnormalities were encountered in about two thirds of our pellagrins 
whose cardiac condition was clinically normal. 

That there is a close association between these findings and the pellagra 
process is shown by the marked parallelism between the clinical development 
of the disease and that of the electrocardiogram. It is shown by the fact 
that the cardiogram sometimes returns to normal when the clinical condition 
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is cured. Like Feil (1936) and Smith er al. (1937) we are in a position to 
furnish an example. Also two cardiograms that were borderline between 
the normal and the abnormal became normal as the cure of the pellagra ad- 
vanced. The reverse, too, i.e. the appearance or accentuation of the patho- 
logical character of the cardiogram when the pellagra process deteriorates, is 
frequently observed. 

The changes that were most frequently observed, which in view of the 
above arguments may be attributed to pellagra, are : 

(1) low voltage (without cedema), 

(2) notching of the ventricular complex, 

(3) deformation of the S—T interval and negativity of the T wave, 

(4) shortening of the P—R interval in some cases. 

We also observed sinus tachycardia at the climax of the disease and sinus 
bradycardia during the period of convalescence. 

Other disturbances observed by Feil, namely, the Pardee-type of T and 
changes of the duration of the Q-T interval, were not detected in our material. 

It is interesting to compare these changes in pellagra with the cardiographic 
findings in beri-beri. Since in beri-beri circulatory phenomena are mostly 
present, more thought has been given to the cardiogram in this disease than 
in pellagra and a number of reports have been published on the subject (Scott 
and Hermann, 1925 ; Aalsmer and Wenckebach,1929 ; Keefer, 1936: as well 
as Weiss and Wilkins, 1936). As with pellagra, the cardiographic changes are 
by no means present in every patient with beri-beri, even when the heart is 
clinically affected ; nor are the abnormalities characteristic of the disease. In 
beri-beri too, as a rule, tachycardia is encountered and the bradycardia, which 
has been observed by us during the period of convalescence of pellagra, has been 
found with the convalescence of beri-beri also (Keefer, 1936). The morpho- 
logical findings described in beri-beri are the following : decrease and notching 
of the ventricular complex, deformation of the S—T interval and inversion of the 
T wave, lengthening of the electric systole (the Q—-T interval) : the same findings 
are, therefore, encountered in varied conditions resulting from a disturbed 
function of the heart muscle. That there is, however, actually a relationship 
between the symptoms described and beri-beri is shown by their disappearance 
when the clinical symptoms subside. The shortened conduction, time P-R, 
may be called a rather characteristic feature, since it does not often occur in 
connection with a disturbed muscular function. Aalsmer and Wenckebach 
(1929), who found the electrocardiogram of the beri-beri heart to be normal 
in the other respects (apart from that of the final stage), particularly stressed 
this peculiar disturbance. Keefer (1936) found it three times among his 
observations. 

In our material we twice encountered a shortening of the P-R interval to 
below 0-12 sec. Feil (1936) also observed two cases of this type, in which 
the conduction time increased again with convalescence. This sign seems to 
us to be of particular significance. 

During the last three years investigations have made it clear that the disturb- 
ances of the skin, digestive tract, and central nervous system that are found 
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in pellagra are brought about by a deficiency in nicotinic acid. It would be 
rather rash to explain all symptoms of pellagra as due to this factor. The 
simultaneous occurrence of the various components of the vitamin B complex 
in nature brings it about that an insufficient supply of vitamin B involves, in 
man, a variety of factors, although in any one case clinical deficiency of one or 
the other is the most striking feature. Quite a number of findings support this 
assumption. Spies and Aring (1938) found that peripheral neuritis in pellagra 
could not be cured by nicotinic acid, but was cured by thiamin. Spiess 
et al. (1938), moreover, observed that in some cases of pellagra nicotinic acid 
treatment becomes less effective if continued, and must then be supported by 
lactoflavin treatment. Lehmann and Nielson (1939) recently reported a case, 
in which during the patient’s stay in hospital with an adequate diet pellagra 
developed immediately after beri-beri had been cured with thiamin. 

The occurrence of the above cardiographic abnormalities rather frequently 
in pellagra is not sufficient to conclude that they are caused by deficiency of 
nicotinic acid. | However, the rapid disappearance of these abnormalities 
subsequent to nicotinic acid treatment gives strong support of this assumption. 
The occurrence of a phenomenon, rather characteristic of beri-beri (shortening 
of the conduction time), in the cardiogram of some pellagrins justifies the 
assumption that, similarly to the peripheral neuritis in pellagra, this symptom 
is brought about by the deficiency in vitamin B,. 


SUMMARY AND CONCLUSIONS 


Forty-five electrocardiographic records of 23 pellagrins with normal 
circulatory condition have been studied. 

In about three fifths the cardiogram was abnormal. That these abnor- 
malities have a causal relationship to pellagra is demonstrated by the fact that 
their development is parallel to the clinical course of the disease, and particularly 
by the rapid disappearance of these changes in some cases subsequent to 
nicotinic acid treatment. 

Tachycardia is mostly encountered at the climax of the disease and brady- 
cardia during the period of convalescence. 

The most frequent changes in the electrocardiogram are : 

(1) low voltage of the ventricular complex, 

(2) notching of the ventricular complex, 

(3) deformation of the S—T interval and inversion of the T wave, 

and less commonly 

(4) shortening of the P-R interval. 

These changes are, however, not in themselves characteristic of pellagra. 
Since Aalsmer and Wenckebach (1929) consider this last characteristic of beri- 
beri, it must be assumed that in pellagra also it may be brought about by a 
deficiency of vitamin B,;, accompanying the deficiency of the pellagra-preventive- 
factor. 
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The use of metal electrodes combined with some form of conducting jelly 
has become almost universal in recent years, largely on account of their 
convenience over the former non-polarizable type of electrodes, and also to a 
lesser degree owing to the more frequent use of lead IV. The metal used in 
the construction of the electrode itself varies considerably and we think that the 
importance of choosing the most suitable metal for these electrodes has not 
been sufficiently realized, especially when using one of the older types of electro- 
cardiograph machines in which the skin current is neutralized by means of a 
compensating current, i.e. not the modern condenser model. 

Attention was first drawn to the large skin currents that were produced, 
when a new series of electrodes was constructed for recording lead IV. All 
these electrodes were of equal size and consisted of brass discs, 1-125 in. in 
diameter ; they were all chromium-plated in order to improve their appearance. 
When tried on a patient, it was found, however, that the skin current varied 
considerably ; and also that if there was, with one pair of electrodes, a very 
large skin current in one direction, the current flowed with equal intensity 
in the opposite direction when the electrodes were reversed ; this showed 
that the skin current was produced by the electrode itself and was not dependent 
upon any peculiarity of the patient. The skin currents were frequently so large 
that it was impossible to neutralize them by the compensating current. 

A rough test with the chromium-plated electrodes showed that when a 
cloth, moistened with jelly, was placed between certain pairs of electrodes 
there was a considerable current that varied with individual electrodes : the 
direction of the current could be reversed by reversing the electrodes. When 
brass electrodes were used, less current was produced as a rule, but the amount 
was still considerable. 

A number of experiments were carried out to investigate this variability 
in the skin currents with electrodes made of different metals, and also the 
changes that took place with electrodes made of the same metal. 

The following materials were tried : (1) brass ; (2) German silver ; (3) tin- 
coated brass ; and (4) tin. 
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VoLTAIc E.M.F. DUE TO THE ELECTRODES 
The electrodes were tested by putting them on a moistened cloth, which 
rested on a brass plate, and the arrangement for making the tests is shown in 
Fig. 1. Two solutions were employed for soaking the cloth : 
(1) Cambridge electrode jelly ; 
(2) a gum tragacanth solution containing about 25 per cent. of salt (R.I. 
jelly). 


4,500. ohws. 








Short 
Electrode ~y4 





Brass. Plate 7 
Fic. 1.—Method of testing electrode which is placed on a brass plate and separated from 
it by a layer of moistened cloth. 

The resuits are given in Table I, and the last column shows the number of 
millivolts between a brass plate and the electrode, due to the solution em- 
ployed for soaking the cloth. This was estimated from the current passing 

TABLE I 
E.M.F. DEVELOPED WITH ELECTRODES OF DIFFERENT METALS 








Type of Electrode Electrolyte Millivolts 
Brass No. | R.I. Jelly 11-1 
Brass No.2 .. i a .- | R.L. Jelly 2-4 
German silver No. 1 ve .. | R.I. Jelly 135 
German silver No. 2 R.I. Jelly 137 
German silver No. | Cambridge Jelly 105 
German silver No. 2 Cambridge Jelly 98 
Tin No. 1 a as .. | R.I. Jelly 150 
Tin No.2... - ae .. | RI. Jelly 150 
Brass (tin-plated) No. | si .. | RI. Jelly 145 
Brass (tin-plated) No.2... .. | R.I. Jelly 146 





through the galvanometer and the resistance of the circuit. The electrodes 


were then tried in pairs, with the cloth soaked in jelly between, as shown in 
Fig. 2. 
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Fic. 2.—Method of testing electrodes in pairs, placed on a glass plate and separated 
from it by a layer of moistened cloth. 


The voltage was measured between pairs of similar electrodes. In making 
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the tests, the electromotive force was measured after allowing the current 
produced by the voltaic action of the electrodes to pass for a considerable time 
until steady conditions had been obtained. In some cases it was noticed that 
the current did not reach a steady value until three or four minutes after the 
connection had been completed, the current generally increasing to a steady 
value. Two brass electrodes, cut from the same piece of thin brass, showed a 
large difference in the voltaic electromotive force, which was apparently due 
to slight differences in the composition of the brass. Chromium-plated 
electrodes also gave variable results, which appeared to be due to slight irregu- 
larities in the chromium-plating. German silver electrodes of one type gave 
fairly satisfactory results, but these were not uniform and depended upon the 
nature of the alloy used for the German silver. It was suggested that tin 
electrodes might be used and these were found to be very satisfactory. It 
will be noticed that the voltage between a tin electrode and the brass plate 
(Table I) is considerably higher than with some of the other metals. The 
difference between the E.M.F. due to each of the two tin electrodes, however, 
is less than it is between any of the other pairs of electrodes. These results 
are shown in Table II : 








TABLE II 
E.M.F. BETWEEN PAIRS OF ELECTRODES 

Type of Electrode Electrolyte Millivolts 
Brass No. | and2 .. oe .. | Cambridge Jelly 8-4 
Brass No. land2 .. a + | R.I. Jelly | 4-1 to 8-4* 
German silver No. | and 2.. .. | Cambridge Jelly 7-0 to 12-0 
German silver No. | and 2.. .. | RI. Jelly 1-5 to 2-6 
Tin No. 1 and 2 oy = .. | R.I. Jelly <10 
Brass (tin plated) No. 1 and 2 .. | RI. Jelly 0-6 to 2:5* 





* After rubbing. 


‘ 


There is, therefore, a smaller “* electrode effect” with tin electrodes than 
with the other metals. The variations in zero observed on the cardiograph are 
negligibly small with tin electrodes and do not change to any appreciable 
extent during the taking of a cardiogram. Although tin was found to be the 
most satisfactory metal from this point of view, the voltaic E.M.F. between 
it and brass is very considerable, and it seemed likely that a more inert metal, 
like lead, might be used with advantage. The difficulty, however, with lead 
is that the surface tends to oxidize and requires frequent cleaning if good 
contact is to be made with the skin. 


APPARENT RESISTANCE BETWEEN ELECTRODES THROUGH CLOTH SOAKED 
IN JELLY 


There was found to be a considerable difference, with the different electrodes, 
in the electrical resistance between the electrode and a brass plate with cloth 
soaked in jelly to separate them. The electrodes were, as before, circular discs; 
1-125 in. in diameter. This resistance was due apparently to a surface resistance 
effect. The results are shown in Table III and were measured with the arrange- 
ment shown in Fig. 3. The voltaic E.M.F. produced by the electrode was used 
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to send current through the galvanometer, and two readings were taken—one 
with the galvanometer alone and the other with a millivoltmeter of 500 ohms 
resistance shunted on it. With this arrangement it is easy to calculate the 
effective resistance between the electrode and the brass plate. The differences 
are very large, the tin and tinned brass giving much the lowest values. The 
increased resistance would seem likely to be due to the formation of films on 
the surface of the electrodes, which offer a large resistance to the passage of the 
current in the case of brass and German silver. 














TABLE III 
RESISTANCE BETWEEN VARIOUS METAL ELECTRODES AND A BRASS PLATE 
Type of Electrode | Electrolyte | Approximate Value of Resistance in Ohms. 
Brass ai a es -- | R.E. Jelly 230 
German silver (1) ae o | Loy = | 4,000 
German silver (2) a .- | RI. Jelly 12,000 
Tin .. te a a .. | R.I. Jelly 90 
Tinned brass 7 | RI. Jelly | 80 
00. ohws 
Pa 4,500.0 
4 





500 ohms. a (G Shen 


Brass. Plate- 


Fic. 3.—Method of measuring resistance between the electrode and a brass plate 
separated by a moistened cloth. 
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The jelly that has been used in our latest work was similar to the R.I. 
jelly mentioned previously with the addition of powdered pumice stone; it 
consisted of : 


Sodium chloride .. 30 g. 
Powdered tragacanth 3 g. 
Powdered pumice stone .. 1 g. 
Water he SS Cx. 


SUMMARY 

(1) These experiments show the value of tin electrodes in diminishing the 
amount of the skin currents, and suggest that tin is the most satisfactory 
material for electrodes. 

(2) The superiority of tin electrodes did not appear to be due to the fact that 
they gave a smaller skin current than the others, but rather to this current 
being much more constant than with the other metals ; in consequence when 
two electrodes were paired the two currents balanced each other. 

(3) The surface resistance of tin electrodes is smaller than that of the other 
metals. 

(4) Almost equally good results can be obtained with brass electrodes that 
had been heavily tin-coated ; as these are more easily made and less expensive 
than the pure tin, they are now being used almost exclusively. 
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A recent paper (Hahn and Langendorf, 1939) on changes in the P-R segment 
emphasized that signs we considered typical of left auricular stress were mostly 
absent in arterial hypertension. On the contrary those representing right 
auricular stress, i.e. lowering or sloping of the P-R segment in leads II and III, 
often occurred. To investigate this unexpected result 200 electrocardiograms 
of cases with hypertension were analysed. These were selected from the records 
of my former Heart Clinic at Teplitz-Schoenau, Bohemia. They were recorded 
by the Siemens amplifying apparatus from out-patients with uncomplicated 
arterial hypertension, chronic glomerulonephritis, or aortic valvular disease; 
160 mm. was taken as the lower limit of the systolic blood pressure and the 
lowest of several readings was used. There were 99 men and 101 women with 
an average age of 51 years and an average systolic blood pressure of 187 mm. 

In the above paper we considered the displacement of the P-R segment 
below the iso-potential level as pathological when it reached or surpassed 
0-5 mV. or when, without regard to the degree of the depression, it presented a 
pathological shape, i.e. a sharp rise of the P-R segment from the descending 
limb of the P wave followed by an arch with upward convexity (Fig. 1A, 
lead I ; Fig. 2A, lead I ; and Fig. 2D, lead II). 


RESULTS 


A pathological depression of the P-R segment was found in 148 cases, i.e. 
74 per cent. In our previous paper 500 unselected cardiograms showed 
24 per cent. with such changes. Its frequency in arterial hypertension is, 
therefore, striking. The distribution of the changes of the P-R segment 
according to the leads will be shown in Table I. 

Examples for the various changes of the P-R segment in the different leads 
follow. Fig. 1 shows three cases of left ventricular preponderance with a 
depressed P-R segment in one lead only : the shape of the displaced segment, 
Fig. 1A, represents the pathological shape, i.e. a sharp rise of the P-R segment 
of the descending limb of the P wave followed by an arch with upward convexity. 
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This displacement does not seem to depend on the size of the P wave. Fig. 2 
gives cases with altered P-R segments in two or three leads. In Fig. 2A there 
is a distinct discordance of the P-R segment in leads I and III as we described 
as typical in cases of ** P mitrale ’’ (Winternitz). 









































Fic. 1.—Depression of the P-R segment in one lead only, in cases of arterial hypertension. 
(A) in lead I, (B) in lead I, and (C) in lead III. Note the distinct left preponderance. 


ch 





A B c D 
Fic. 2.—Depression of the P-R segment in several leads, in cases of arterial hypertension. 
(A) in leads I and II : note the discordance of P, and P; : (B) in leads I, II, and III : 
(C) and (D) in leads II and III. 


Table I proves that pathological changes of the P-R segment principally 
concern leads II and III; 43 per cent. of the entire series and 56 per cent. 
of all cases with displacement of the P-R segment showed the depression in 
these leads. By its average age of 56 years this group exceeded that of the 
group with changes in leads I or I and II; and the average age of all cases 
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showing changes of the P-R segment was slightly higher than of those with an 
iso-electric P-R segment. The average systolic blood pressure presented an 
almost identical value. 


TABLE I 


DEPRESSION OF THE P—R SEGMENT IN 200 CASES OF ARTERIAL HYPERTENSION 





Lead Percentage | M. | F. Average B.P. | Average| Ratio of L.V.P. 











Age to R.V.P. 
I and II 8-5 10 7 189 50 20.: 1 
II 9-5 | 15 4 195 56 yee 
If and Ill 43-5 34 53 185 56 rss4 
I, If, and Il 12:5 | 9 | 16 183 a 20:1 
Total | 74 68 | 80 187 Ss | _ 
No depression | 
of P-R segment 26 a 188 50 06:1 





DISCUSSION 


The frequency of these changes of the P-R segment in arterial hypertension 
might lead us to attribute them to left auricular stress, in agreement with the 
conception of Wood and Selzer (1939), who found a widened P wave of low volt- 
age, usually bifid or flat topped, in hypertensive heart disease. They attributed 
the changes to left auricular stress with left ventricular failure. The application 
of this interpretation is opposed by the fact that the most frequent alteration of 
the P-R segment takes place in leads II or II and III, and not in leads I or I 
and II, as is usual in “ cor mitrale.””. The small group with depression of the 
P-—R segment in leads I and II does contain proportionately numerous cases of 
ischemic disturbances of the heart muscle resulting in left ventricular failure 
and subsequently left auricular stress—two cases of previous coronary 
thrombosis, one of bundle branch block, and two of severe mes-aortitis with 
aortic incompetence. 

To ascertain if there is any relation between the incidence of this depression 
of the P-R segment and the heart size, the transverse diameter of the heart and 
the proportion with left ventricular preponderance in the groups with or 
without changes of the P-R segment were determined. The former showed an 
average diameter of the heart of 13-2 cm. and the latter of 13-5 cm., so there 
was no evidence of any relation between the incidence of these changes and 
cardiac enlargement. On the other hand, the incidence of left preponderance 
was much greater in the group with changes of the P-R segment than in those 
who showed no such depression. Table I shows the ratio of those with left 
ventricular preponderance to those with right preponderance or with no 
preponderance. 

This makes it unlikely that a secondary mitral incompetence caused by a 
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high-grade dilatation of the left ventricle in the first group (as well as the dis- 
displacement of the electric axis of like origin) can be the only cause. On the 
other hand, there was no conclusive evidence that right ventricular and subse- 
quently right auricular stress (as in “* cor pulmonale *’) are concerned in causing 
the changes of the P-R segment. A combination of hypertensive heart disease 
with emphysema or sclerosis of the pulmonary arterioles or kyphoscoliosis 
occurred in both groups with about the same frequency. 

We were more successful in comparing the clinical features in both groups. 
First, there was a small difference in the average age, and of greater importance, 
in the structure of ages of both groups. This is well shown in Table II. 


TABLE II 


AGE INCIDENCE IN THE GROUPS WITH AND WITHOUT CHANGES OF THE P—R SEGMENT 





Cases with Changes of P-R Segment Cases without Changes of P-R 


Segment 

Age : 2 , 

Number Percentage Number Percentage 
10-20 2 1 0 0 
21-30 5 3 6 3 6 26 
31-40 4 3 10 20 
41-50 28 19 7 14 | 
51-60 57 38 } 37 21 42 f >! 
61-70 43 29 8 16 
71-80 é 4 34 1 2 18 
81-90 l 1 0 0 
Total 147 50 





In the first group 34 per cent. were over 60 and only 6 per cent. were under 
40, but in the second group only 18 per cent. were over 60 and 26 per cent. were 
under 40 years of age. 

The second characieristic of the group with changes of the P-R segment was 
the frequency of ischemic heart disease ; there were 4 instances of previous 
coronary thrombosis and 7 of bundle branch block. On the other hand, in 
the group without changes of the P-R segment we found no case of those 
complications. As to the prognostic value of the changes of the P-R segment 
a small number of out-patients only admit of very cautious conclusions, 
but 6 fatal cases occurred in the group with changes of the P-R segment and 
only 2 (that is cases of chronic glomerulonephritis) in the other group. To 
obtain a more convincing picture of the clinical condition of the heart muscle 
a series of 100 cases with different types of ventricular failure or with symptoms 
of cerebral sclerosis, has been analysed with regard to the P-R segment and 
the results are shown in Table III on the next page. 

The table shows that 78 per cent. belonged to the group with changes of the 
P-R segment, and that on the whole they were more seriously ill than the 
others. 
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TABLE Ill 


INCIDENCE OF CHANGES IN THE P-R SEGMENT IN VARIOUS CLINICAL CONDITIONS 





Cases with | Cases without 


Clinical Diagnosis Changes of the P-R Segment 








Orthopneea and severe effort dyspnoea re 24 8 
Paroxysmal cardiac dyspneea . . ae on 10 2 
Angina pectoris =i is es Be 16 8 
Basal pulmonary congestion .. ae ~~ 5 4 
Cerebral and other peripheral sclerosis ae 6 z 
Right ventricular failure He : i 31 a 

Total (percentage) ae o <6 78 22 





This clinical study seems to correlate the changes of the P-R segment in 
hypertensive heart disease to the insufficiency of blood supply of the auricles, 
caused by progressive sclerosis of the auricular arteries. It is difficult with the 
history only to determine the onset of hypertension in any one case, but the age 
of the patient may give a hint. Generally the arteries of the older patients have 
been exposed for a longer period to a high blood pressure with its well-known 
consequences in producing arteriosclerosis. Pathological experience shows an 
increase of arteriosclerosis of all organs, the heart in particular, as age advances. 
Clinically and pathologically, hypertension represents a common aetiological 
factor in coronary thrombosis ; so Conner and Holt (1929 and 1930) found 
arterial hypertension in 34 per cent., Parkinson and Bedford (1928) in 49 per 
cent., and Levine (1929) in 40 per cent. of cases. Thus we may suggest an 
inadequate coronary blood flow as the most probable cause for the changes 
described. 


SUMMARY 

1. In 200 electrocardiograms from cases of arterial hypertension, depression 
of the P-R segment, reaching or exceeding 0-5 mV., was found in 74 per cent. 
of the whole series ; in 53 per cent. in lead II or in leads II and III. 

2. The average systolic pressure was the same in those with and in those 
without these changes. 

3. The average age of those with these changes in the P-R segment was 
rather older, and 34 instead of 18 per cent. were over 60 years of age. 

4. There was a larger proportion with left ventricular preponderance. 

5. The clinical condition of the heart was rather more severe in the group 
with these changes. 

6. It is suggested that the changes of the P-R segment in hypertension result 


from arteriosclerosis of the auricular arteries, causing an insufficient blood 
supply of this part of the heart muscle. 
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In 1930, Wolff, Parkinson, and White published the first collected series of 
eleven patients, who were apparently healthy but had electrocardiograms 
suggesting bundle branch block combined with a shortened P-—R interval. 
Most of them were subject to attacks of paroxysmal tachycardia and a few to 
paroxysms of auricular fibrillation. Isolated cases of this nature had been 
reported by Wilson (1915), Wedd (1921), and Hamburger (1929). Numerous 
authors since 1930 have added to the published cases and considered the 
mechanism of the syndrome. Our purpose is to review present opinion, to report 
further cases, and to examine the various hypotheses advanced in explanation. 

The electrocardiographic features are as follows. With a rate that is 
normal, P is upright, and the iso-electric segment from the end of P to R is 
abolished, so that the ventricular complex starts immediately after P or even 
overlaps the end of it, reducing the distance from the onset of P to the onset of R 
(the P—R interval) to less than 0-12 sec. The ventricular complex resembles 
that of bundle branch block ; it is widened beyond 0-10 sec., often slurred in 
its ascent, and notched near its summit. The R-T period may be depressed or 
elevated, seldom assuming the full diphasic character of ordinary branch block. 
A surprising fact is that these patients may at other times show a normal 
electrocardiogram (Fig. 1), or even alternating normal and abnormal complexes 
without any change in rate (Fig. 2). The records during the paroxysms of 
tachycardia are generally of supraventricular type. 

Of these three important features—a short P-R interval, ventricular complexes 
of bundle branch block type, and paroxysmal tachycardia—the first is a constant 
finding, the second may be absent in certain cases that are included on other 
grounds, and the third occurs in the great majority. 

The lability of the Sh.P-R : B.B.B.* rhythm should not lead to confusion 
with paroxysmal bundle branch block (Comeau, Hamilton, and White, 1935 ; 
Bishop, 1935) in which there is a normal P-R interval, an abnormal QRS only 


* Abbreviations are not free from criticism, but in this case it seems reasonable to the 
authors and editor to use Sh.P—R : B.B.B. for the short P—R interval with bundle branch block 
complexes. 
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A B c 
Fic. 1.—Electrocardiograms appearing spontaneously at different times in Case 1. 
(A) and (B) Sh.P-R : B.B.B. of different aspects. (C) Physiological. 





Fic. 2.—Electrocardiogram of Case 1, showing bundle branch block and physiological com- 
plexes occurring spontaneously. In addition, nodal beats (+) appear in leads I and 


II, and nodal extra-systoles (*+*) in leads II and III. 


above a certain ventricular rate, an associated myocardial defect, and an absence 


of paroxysmal tachycardia. 
METHOD OF INVESTIGATION 
The series comprises 22 patients of whom 19 show the fully developed 


syndrome of Sh.P-R : B.B.B., while the remaining 3 show a Sh.P-—R interval 
only, and are included because they are related. The general incidence of the 
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syndrome, the state of the heart, the frequency and duration of the paroxysmal 
attacks, and the prognosis were investigated clinically. The conditions 
influencing the reversion of the electrocardiogram from the Sh.P-R : B.B.B. 
type to the physiological type were studied by graphic methods, especially in 
six favourable cases. 


CLINICAL ANALYSIS 


Incidence.—The full Sh.P—R : B.B.B. syndrome is uncommon, for a search 
has found no more than 90 reported cases ; the largest series was that of 11 cases 
by Wolff, Parkinson, and White (1930). With the 19 cases of our own, the 
total now reaches about 109. The rarity of the syndrome is also apparent from 
the fact that among 19,000 electrocardiograms in the Cardiac Department of 
the London Hospital the syndrome was found only three times ; and among 
14,000 in a consulting practice only eight times. These 8 cases constitute 
5-7 per cent. of 140 consecutive bundle branch block cases, and 5-3 per cent. of 
150 consecutive cases of paroxysmal tachycardia. The only symptom that may 
be attached to the syndrome is the occasional palpitation due to paroxysmal 
tachycardia. Otherwise it is only recognized on routine electrocardiographic 
examination. If paroxysmal tachycardia does occur, several examinations at 
other times may be necessary for its recognition, as a normal cardiogram does 
not exclude the appearance of Sh.P—-R : B.B.B. on other occasions. It is thus 
likely that some cases escape recognition. The youngest recorded in our 
series is 16 years ; the case of a boy aged 4 years has been described (Ham- 
burger, 1929), and that of another boy of 14, who had been subject to paroxysmal 
tachycardia since he was 2 years old (Wolferth and Wood, 1933). Our oldest 
patient is 59, and the oldest reported is 62 years. 

Associated Heart Disease.—The statement made by Wolff, Parkinson, and 
White (1930) that the syndrome affected people who were otherwise healthy 
was supported by nearly all subsequent writers, although in fact 18 of the 90 
reported cases had signs of heart disease that was regarded as incidental 
(Wolferth and Wood, 1933 ; Cossio, Berkonsky, and Kreutzer, 1936 ; Holz- 
mann, 1937 ; Fernbach, 1937 ; Hartog, 1938 ; Fischer, 1938 ; Gruber, 1938). 
These included hypertension, mitral stenosis, aortic incompetence (syphilitic 
and rheumatic), and coronary thrombosis. In 6 of these 18 there is reason 
to think that the heart disease had some bearing on the occurrence of the 
syndrome. Fulchiero (1935), Katz and Kaplan (1938), found Sh.P-R : B.B.B. 
after coronary thrombosis. In the thyrotoxic patient of Master, Jaffe, and 
Dack (1937) the Sh.P-R : B.B.B. disappeared after thyroidectomy. Bain and 
Hamilton (1926) recorded a characteristic curve in a case of rheumatic carditis 
without any valvular lesion. In one of Gruber’s (1938) patients the abnormality 
was detected during a severe throat infection ; and a patient of Wilson’s (1934) 
showing it died during a prolonged paroxysm of tachycardia, and necropsy 
revealed myocardial changes. 

In our series only three showed certain signs of organic heart disease (Table I). 
The first paroxysm immediately followed a first attack of rheumatic fever 
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in a patient with aortic incompetence (Case 7) ; it came 15 years after such 
an attack in another with aortic incompetence and mitral stenosis (Case 
10). A third never had paroxysms, but he first showed the characteristic 
electrocardiogram immediately after an attack of rheumatic fever that 
did not otherwise affect his heart (Case 12). One had hypertensive heart 
failure, but never paroxysmal tachycardia (Case 13). Another had no other 
abnormal heart signs when examined, yet according to his doctor he died 
one year later of congestive heart failure (Case 15). A _ sixth had his 
first paroxysm during lobar pneumonia (Case 17), a seventh had a positive 
Wassermann (Case 18), and an eighth with a short P-R interval only and no 
paroxysmal attacks had thyrotoxicosis (Case 22). Two others had a double 
first sound (Cases 19 and 20). Thus in about a third of our series some evidence 
of myocardial damage was obtained, but as no full necropsy reports are yet 
available, its importance cannot be assessed. Ordinary paroxysmal tachycardia 
with a normal cardiogram between attacks is comparable in that the patient is 
generally free from detectable organic heart disease, though in a proportion it 
does result from cardiac damage. 
TABLE I 


CLINICAL FEATURES OF PATIENTS WITH SA.P—R : B.B.B. SYNDROME 





Time in years 





Case | Sex and | : _ a Duration of Remarks on 
No. Age Paroxysms Heart* 
Under Liability to | 
Observation Paroxysms 

1 F. 54 5 26 2-4 hours — 

2 r. i 6 2 | 2-48 hours — 

3 M. 19 3 — — = 

4 F. 51 6 18 1-8 hours — 

5 F. 37 14 — — — 

6 F. 48 I 31 1-7 days — 

7 M. 51 1/12 36 | 12-24 hours Rh.A.I. 

8 M. 49 ae 11 | upto 5 days — 

9 M. 35 11 16 minutes — 

10 M. 24 1/12 1/12 | 1 day A.I. and M.S. 
11 F. 20 8/12 5 15-30 min. == 

12 M. 16 10 — — R.F. 

13 M. 58 1/12 — — B.P.°240/130 
14 F. 35 4 a 3 hours — 

15 | M. 54 I 20 1-12 hours Died 

16 M. 45 1 27 1-8 hours = 

17 M. 44 8 3 30 min. Pneumonia 
18 | M. 53 $/12 2 8 hours W.R.+ + 
19 | M. 47 14 30 minutes t 

Short P-R and Normat Ventricular Complexes 

20 M. 33 8/12 2 5-30 min. t 
21 FP. 3 Once _- — — 
22 | F. 4i Once - — Th. 





* Except as stated in the last column, there were no symptoms or signs of cardiovascular 
disease apart from those of the syndrome ; see text above for explanation of the symbols. 
+ Double first sound. 


Liability to Paroxysms.—This is greater in patients with Sh.P-R : B.B.B. 
than in those with Sh.P-R only. Four of the former group and two of the 
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latter group gave no history of paroxysms. There is some evidence that the 
presence of associated heart disease makes paroxysmal tachycardia less likely. 
Two of the four examples of Sh.P—R : B.B.B. without paroxysms were Case 13 
with hypertensive heart failure and Case 12 with Sh.P—R : B.B.B. consequent 
upon a rheumatic attack. The three cases described by Fulchiero (1935), by 
Master, Jaffe, and Dack (1937), and by Katz and Kaplan (1938), with severe 
myocardial damage were similarly free from paroxysms. On the other hand, two 
of our series (Cases 3 and 5), like two others reported by Newman (1931) and 
by Eckey and Schafer (1938), had no other evidence of heart disease and yet 
they were not subject to paroxysmal tachycardia. Incidentally, the paroxysms 
in patients with Sh.P-R : B.B.B. seem to present no unusual features (Table I). 

Prognosis.—This is obviously of great importance in view of the admitted 
seriousness of bundle branch block in general. Wolff, Parkinson, and White 
(1930) regarded the syndrome as benign, and all other authors have followed this 
view with the single exception of Wilson (1937), who saw a patient with it die 
in a paroxysm of tachycardia. Of our own patients—some observed for 
several years—one died of congestive heart failure, two had and still have 
valvular disease, and one could not be traced. The remainder are alive and 
well and free from cardiac symptoms except during the paroxysms of tachy- 
cardia, which, however, continue to recur sometimes with more and sometimes 
with less frequency. This confirms the original belief in its comparative 
innocence. Admittedly the syndrome may be produced occasionally by 
cardiac disease, but even here the prognosis rests upon the nature and degree 
of the causal lesion. 

This favourable prognosis may lead to confusion with the right bundle 
branch conduction defect first described by Wilson, Johnston, Hill, Macleod, 
and Barker (1934), and later by William Evans (1937), of which the benign 
character has been stressed by Wood, Jeffers, and Wolferth (1935). This has 
nothing more in common with Sh.P—R : B.B.B., which is indeed better entitled 
to the term benign. 


ELECTROCARDIOGRAPHIC ANALYSIS 


In six of the cases of Sh.P—R : B.B.B., and in one of Sh.P—R with normal 
ventricular complex, the electrocardiogram was found on other occasions to: be 
physiological. This variation was spontaneous in six cases of Sh.P—-R : B.B.B., 
in two of which it could also be produced by exertion, and in one also by 
atropin (1/50 gr. subcutaneously). Both exertion and atropin produced a 
physiological curve in one case of Sh.P—R with normal ventricular complex 
(Table II). 

In four other cases, however, atropin failed, although in one of them 
spontaneous reversion was observed. The other tests such as unilateral or 
bilaterial carotid compression, deep or held respiration, the Valsalva test, and 
amyl nitrite failed to alter the records. Atropin proves to be an unreliable 
method of producing reversion, as already stated by Pezzi (1931) and others. 

I 
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The gradual transition produced by atropin, when it is effective, may, however, 
shed light on the underlying mechanism. 


TABLE II 


PATIENTS SHOWING BOTH NORMAL AND BUNDLE BRANCH BLOCK COMPLEXES 








Change from Sh.P—R : B.B.B. to Normal Shape of P 
Case 
No. ¥ 
Spontaneous = After exercise | After atropin | Sh.P-R : B.B.B. Normal 
I Peaked Rounded 
2 No difference. 
3 Peaked Rounded. 
4 No difference. 
5 Both rounded but of different 
shape. 
18 Both peaked but of different 
shape. 
20* : - | Inverted and | Rounded and 


| peaked in lead I. | upright in lead I. 





* Change only from Sh.P-R to normal P-R. 


The records of Case | show spontaneous variations between Sh.P—R : B.B.B. 
and normal complexes (Fig. 1), and in certain portions nodal beats and nodal 
extrasystoles are also seen (Fig. 2). In this patient atropin was used twice. 
On the first occasion bundle branch block complexes similar to those of Fig. 1A 
were present, and 20 minutes after the injection a different branch block com- 
plex appeared, similar to those of Fig. 1B. At the same time P changed in 
shape (Fig. 3A), the original sharp peaked wave giving place to a broad and 





Fic. 3.—Case 1, (A) 20 minutes, (B) 50 minutes after atropin (gr. 1/50 subcut.). 
(A) Complex of Fig. 1 (B) type preceded by rounded P. . 
(B) Complexes of Fig. 1 (B), (C), and (A) type appearing successively. 


rounded one. Fifty minutes after the injection each type of complex appeared 
one after another (Fig. 3B). On the second occasion, two months later, 
complexes similar to those shown in Fig. 1B were constantly present. After 
atropin (25 minutes) the notch in R gradually disappeared and P assumed the 
rounded form of Fig. 3A ; then physiological complexes followed (Fig. 4). 
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Finally a gradual return to the original branch block complexes of Fig. 1B 
type was recorded, and it was complete 80 minutes after the injection. During 





B 





Fic. 4.—Case 1, one month later. 
(A) Before, (B) and (C) 25 minutes after atropin, showing a gradual transition from 
Sh.P-R : B.B.B. (Fig. 1B type) to physiological complexes. 


both experiments with atropin, nodal beats as well as nodal extrasystoles with 
inverted P and supraventricular complexes similar to those in Fig. 2 were often 
seen, 

Such simultaneous changes in P and QRS occurred in Cases 3, 5, and 18, 
spontaneously. On one occasion complexes suggestive of an intermediate stage 
































Fic. 5.—Case 3 showing spontaneously (A) Sh.P-R : B.B.B., (B) transition complex, and (C) 
a physiological complex ; each type of complex is preceded by a different P. 


between the Sh.P-R: B.B.B. and the physiological complexes were seen, and 
they were preceded by P waves of different shapes (Fig. 5). 

In Case 20, an example of Sh.P-R and normal ventricular complex, the P 
wave changed shape with restoration of a normal P-R interval (Fig. 6). 

These observations show that in four out of six cases of Sh.P—R : B.B.B. the 
reversion of the abnormal to the normal ventricular complex was accompanied 
by a change in the P wave. Under atropin, a gradual change in the shape of 
P accompanied a gradual change in the QRS complex (Fig. 4). 

The electrocardiograms during paroxysms of tachycardia were available in 
seven cases. In five, supraventricular tachycardia was recorded, in one supra- 
ventricular and ventricular tachycardia, and in the remaining one auricular 
fibrillation and “ ventricular ” tachycardia. 

Identification of the electrocardiogram of the syndrome rests upon the 
combination of a short P-R interval with a ventricular complex similar to 
branch block (i.e. Sh.P-R : B.B.B.). Where the P-R interval varies in the 
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different leads, difficulty may arise. In Fig. 7 the P-R interval is 0-10 sec. in 
lead I with a ventricular complex of 0-10 sec., while in lead II P—R is 0-16 sec. 
and QRS is 0-08 sec. : in lead III also it is probably normal. To decide 
which limb lead gives the truest P-R indicative of auriculo-ventricular conduc- 
tion, chest leads were employed. With the exploring electrode in the fifth 
interspace on the right sternal border and the distal electrode on the right arm, 
as used by Zarday (1937) for the right auricle, we took records in six healthy 
students. The P-R interval in this chest lead was identical with P-R in leads II 























































































Fic. 6.—Case 20 with Sh.P-R interval only. 
(A) Before and (B) 50 minutes after atropin : not ony 
P,, previously inverted, but also P, and P; change 3 
their shape with return to normal A-V conduction. (See text.) 


and III, but longer than that in lead I where the first part of P is so often iso- 
electric ; and as in lead III P may be inverted or diphasic, the P-R interval in 
lead II is the best measure of the A-V conduction. If so, the P-R interval in 
Fig. 7 is normal and the record is not an example of the syndrome. 

In the following three (Cases 19, 8, and 12) doubt might arise whether they 
should be included in the syndrome or not. Although the characteristic 
Sh.P-R and modified QRS occur clearly in lead II in one (Fig. 8A), in lead I 
in another (Fig. 8B), and in leads I and II in the third (Fig. 8C), the other 
leads might be passed as normal or uncertain. Yet we have no doubt both from 
the general aspect of the records and from the accompaniment of paroxysmal 
tachycardia that all three are genuine examples of the syndrome. The 
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**iso-electric ’ P-R interval includes a slight curve (Fig. 8 A and B), or a notch 
(Fig. 8C) representing the initial part of the QRS complex. 
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Fic. 8.—Electrocardiograms in three patients with Sh.P—R : B.B.B. 
(A) Case 19,(B) Case 8,and(C) Case 12. The characteristic slurring with Sh.P-R interval 
appears in leads I and III of (A), in lead II of (B), and in lead III of (C), as a modified 
almost iso-electric P-R period. 


PREVIOUS HYPOTHESES 


No satisfactory explanation for the mechanism of the syndrome seems to 
have been given, no method of reproducing the abnormality in experiment is 
known, and no post-mortem study of any established clinical case has been 
published. An attempt has been made in Table III to classify the various 
hypotheses advanced. 

Wolff, Parkinson, and White (1930) regarded it as true bundle branch block 
resulting from some abnormal vagal effect which at the same time accelerated 
A-V conduction ; in one case removal of vagal control by exercise or by atropin 
converted the abnormal complex into a normal one. Pezzi (1931) disagreed, 
maintaining that vagal release was often ineffective, and postulated a paranodal 
pacemaker due to an irritative lesion near the A-V node, affecting conduction 
to one ventricle only. Sigler (1933) reported cases in which branch block 
appeared when the R-T interval was shorter than a certain critical length, but 
normal when it was of greater length ; he therefore assumed that it represented 
fatigue of the conducting system. Hauss and Schiitt (1938) accepted Condorelli’s 
belief in both sino-auricular and sino-nodal pathways, and imagined a simul- 
taneous block of the S-A pathway and of one bundle branch. Thus a Sh.P-R 
might be produced from a more direct impulse along the sino-nodal route and 
be accompanied by branch block. 
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TABLE Ill 


CURRENT EXPLANATIONS OF BUNDLE BRANCH BLOCK WITH A SHORT P—R INTERVAL 
1. Hypotheses accepting it as True Bundle Branch Block. 
(1) With sinus pacemaker : 
(a) Abnormal vagal influence (Wolff, Parkinson, and White, 1930 ; Wilson, 1915). 
(b) Fatigue of conductive system (Sigler, 1933). 
(c) Block of S-A pathway and of one bundle branch (Hauss and Schiitt, 1938). 
(2) With abnormal pacemaker : 
Paranodal rhythm and block of one bundle branch (Pezzi, 1931 ; Wedd, 1921 ; 
Tung, 1936 ; Katz and Kaplan, 1938). 
Il. Hypotheses rejecting it as True Bundle Branch Block. 
(1) Ventricular asynchronism due to premature stimulation of one ventricle : 
(a) By bundle of Kent (Holzmann and Scherf, 1932 ; Wolferth and Wood, 1933 ; 
Scherf and Schénbrunner, 1935 ; Roberts and Abramson, 1936 ; Zarday, 
1938 ; Holzmann, 1937 ; Fernbach, 1937). 
(5) By increased conductivity of A-V node and one bundle branch (Fulchiero, 
1935 : Spangenberg, Vedoya and Gonzalez, 1937 ; Hartog, 1938). 


(c) By increased conductivity of one bundle branch with nodal rhythm (Pines, 
1938). 

(d) By mechanical excitation from the auricle of an irritative focus in one ventricle 
(Holzmann and Scherf, 1932 ; Cossio, Berkonsky, and Kreutzer, 1936). 

(e) By ventricular extrasystole interfering with a normal sinus beat (Moia and 
Inchauspe, 1938). 

(2) Abnormal ventricular complex due to an electrical event during the iso-electric P-R 
period : 

(a) Auricular extrasystole (Gruber, 1938). 

(5) Electrical event resulting from persistent (foetal) conducting fibres (Eckey and 
Schafer, 1938). 


That there is no true branch block is the opinion of numerous writers, 
especially Holzmann and Scherf (1932) and Wolferth and Wood (1933). They 
found that the P-T interval was within the limit of normal ventricular con- 
duction, contrary to the rule in true bundle branch block. Further they found 
the same P-T interval in both normal and abnormal complexes where both were 
present in the same patient. In these papers it is assumed that there is an 
accessory pathway of A-V conduction, such as was described by Kent (1892), 
and that this pathway may function ; this in their opinion would easily explain 
the Sh.P-R and the premature excitation of one ventricle simulating branch 
block. The paroxysms of tachycardia were ascribed by Wolferth and Wood to 
a retrograde conduction at a favourable moment giving rise to a circus move- 
ment. Normal conduction and normal curves appeared when the sinus impulses 
reached a certain rate—a rate beyond the conductivity of the bundle of Kent. 

Other authors have also rejected branch block as an explanation. Fulchiero 
(1935) and others (see Table III) suggested that there was an increased con- 
ductivity of the specific system, notably of the A-V node and of one branch of 
the bundle. Pines (1938) invoked a similar state in one bundle branch, but 
explained the Sh.P—R as consequent upon a nodal rhythm. Cossio, Berkonsky, 
and Kreutzer (1936), accepting the suggestion of Holzmann and Scherf (1932), 
believed that a normal auricular contraction mechanically stimulated an 
excitable focus in one ventricle, from which a Sh.P—R and also an abnormal 
ventricular complex resulted. 

Still opposing the hypothesis of a true bundle branch block, other authors 
speak of an abnormal electrical activity during the iso-electric P-R period. 
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Gruber (1938), using auricular leads, regarded the normal P as quickly followed 
by an auricular extrasystole that deformed the ascending limb of R so that 
branch block was imitated. Eckey and Schafer (1938) assumed the persistence 
of embryonic conducting fibres in the auricles, so that the normal P was im- 
mediately succeeded by a bizarre ventricular complex. 

Bearing upon the mechanism of the syndrome we have also consulted 
Elliott and Nazum (1932), C. Evans (1937), Sprague (1937), Ritter (1939) ; 
and on the electrocardiographic aspect Herzum (1934), Dressler (1937), Bishop 
(1937), Arana and Cossio (1938), and Campbell and Elliott (1939). Under 
war conditions we have been unable to examine the paper of Teran (1938). 


DISCUSSION 


Any hypothesis explaining the mechanism of this syndrome must deal first 
with the site of the pacemaker, and secondly with the diffusion (or conduction) 
of the impulse. The fact that during a reversion of Sh.P—R : B.B.B. to normal 
the P wave often changes in shape is strongly against the view that in both 
conditions the impulse arises in the sinus node. The gradual change of P 
coincident with gradual changes in the ventricular complex, as here described, 
makes the use of an accessory pathway (such as Kent’s) unlikely, though that is 
how Holzmann and Scherf (1932), Wolferth and Waod (1933), and others have 
tried to explain it. With the bundle of Kent in operation the shape of the P 
wave should be identical before both abnormal and normal complexes (Wolferth 
and Wood, 1933). But as stated by Pines (1938) and even in the cases recorded 
by Scherf and Schénbrunner (1935) and by Zarday (1938)—partisans of the 
bundle of Kent—changes in the shape of P on reversion to normal are evident ; 
and they are present in some of the records of Fernbach (1937), Chen Lang 
Tung (1936), Moia and Inchauspe (1938). With an alternative route along a 
bundle of Kent, there should be two distinct curves and no intermediate ones, 
but there were intermediate ventricular complexes in the cases of Wilson (1915) 
and Chen Lang Tung (1936), and in four of our own. As the P of the normal 
and of the branch block complex are often different, the sinus pacemaker 
cannot be in sole control. 

Pezzi’s (1931) explanation of an abnormal pacemaker near the A-V node 
would fit in with the change in P with change in complex. Even an upright P 
in all leads does not exclude this hypothesis (Holzmann and Scherf, 1933), and 
the liability to paroxysms might be expected with an irritative lesion involving 
the A-V node. Yet the coexistent bundle branch block can scarcely be 
explained in this way. 

Leaving the subject of the P wave, the ventricular complex looks like a 
branch block, but is it one ? The appearance has been ascribed to conduction 
by the bundle of Kent, to increased conductivity in one bundle branch, or to a 
premature excitation of one ventricle. All three ideas connote asynchronism 
of the two ventricles, which is also inseparable from true bundle branch block. 
Ventricular asynchronism is said to be present by Wolferth and Wood (1933) 
Scherf and Schénbrunner (1935), and Moia and Inchauspe (1938). Others 
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(Battro, Braun-Menendez and Orias, 1937; Spangenberg, Vedoya and 
Gonzalez, 1937 ; Braun-Menendez and Solari, 1939) deny ventricular asyn- 
chronism in the syndrome. Triple rhythm is an uncertain sign of asynchronism ; 
it was noted in only | of our 19 cases, an infrequency contrary to the experience 
of Wolferth and Wood (1933). 

A second objection to the existence of a real branch block is the fact that 
the R-T interval with change to normal complexes remains almost unaffected. 
In contrast the R-T interval in cases of paroxysmal branch block increases with 
onset of branch block by at least 0-05 sec. (Table IV). On the left are the six 
cases of our own where a change to normal complexes took place, and on the 
right one case of our own (K) and nine cases from Comeau, Hamilton, and 
White (1935), in which fairly exact measurements were possible. 

A third objection is the difference in form between the curves of true bundle 
branch block and those found in this syndrome. The features of 
Sh.P-R : B.B.B. are these. The very beginning of the ventricular complex is 
slurred in one or more leads, though sometimes the slurring appears almost 
iso-electric in other leads where it looks like a normal P-R interval succeeded bya 
normal ventricular complex (Fig. 8). The slurring more often involves the foot 
of the ascending limb of R, giving the most characteristic appearance of all 
(Fig. 1, SA, and 8 A, B, and C), very different from true branch block as we 
think. Another distinguishing feature is the form of the S-T and the T of the 
complex. Even when R or S is large and emphatic, it is seldom followed 
immediately by any big swing in the opposite direction ; indeed, a T approx- 
imating to normal is the rule. The characteristic diphasic appearance of the 
pathological branch block is seen only in about 10 per cent. of the 
Sh.P-R : B.B.B. cardiograms. 











TABLE IV 
THe R-T INTERVAL IN SA.P-R : B.B.B. AND IN PAROXYSMAL BUNDLE BRANCH BLOCK 
Conse of thie Garin Cases of a and White 
Short P-R Se Branch Paroxysmal Bundle Branch Block 
Case Case 
No. - i i No. ig eee oe a 
R-T in Normal R-T in B.B.B. R-T in Normal R-T in B.B.B. 
(sec.) (sec.) (sec.) (sec.) 
1 0-38 0-38 2 0-28 0-33 
2 0-40 0-40 3 0-35 0-40 
3 0-40 0-42 4 0:37 0-42 
4 0:34 0:36 6 0-35 0-40 
5 0-33 0-3 8 0-33 0-36 
18 0-33 0-33 9 0-31 0-36 
10 0-37 0-42 
11 0-35 0-43 
12 0-33 0-39 
K 0-40 0-45 
Average 0-363 0-375 Average 0-344 0-396 
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Taken together, the doubt about ventricular asynchronism, the lack of 
change in the R-T distance on reversion to normal, the peculiar shape of the 
very first part of the ventricular complex, and the rarity of the gross diphasism 
of ordinary branch block, invalidate the true branch block hypothesis. The last 
two hypotheses in Table III, like those already discussed, fail to explain the 
gradual change in the P wave and the ventricular complex (Fig. 4). 

From our own findings we are of opinion that any hypothesis should explain 
the following features : 


1. The difference in the shape of P before normal and Sh.P-R : B.B.B. 
complexes. 
. The peculiar shape of the ventricular complex compared with that of 
ordinary branch block. 
3. The gradual change of P and QRS from Sh.P-R : B.B.B. to normal 
(after atropin), and the appearance of intermediate ventricular com- 
plexes (Fig. 4). 


No 


Since previous explanations did not meet these points, we began to formulate 
the view of a double rhythm composed of two interfering pacemakers. The 
idea was that a nodal beat might be superimposed upon a normal PQRST 
complex, so that the P—R interval was shortened by the early ventricular complex 
of the nodal beat, which was then succeeded by the normal ventricular complex, 
the two in juxtaposition giving a broad wave simulating branch block. Sucha 
conception was encouraged when we found that a complex, such as the second 
in Fig. 2 (lead II), imposed upon a normal complex, such as Fig. 1C (lead II), 
gave a resultant complex not unlike that of the syndrome. The idea was 
abandoned because it is difficult to believe that two supraventricular impulses, 
each passing down the whole of the bundle system, could follow one another 
so closely in time ; the first impulse must leave behind it a refractory period 
which would bar the passage of the second. 

Such a difficulty might be overcome by assuming that a beat arising near the 
normal pacemaker (for the P is altered) is interfered with by a ventricular 
extrasystole arising prematurely low in one bundle branch. This is not unlike 
the view of Moia and Inchauspe (1938) who proposed a similar “* mixed ” 
rhythm as a modification of the purely extrasystolic hypothesis of Holzmann and 
Scherf (1932) and Cossio, Berkonsky, and Kreutzer (1936). Graphic evidence of 
interference between a sinus and a ventricular beat is given by Wenckebach and 
Winterberg (1927 ; Fig. 189 D and E) though in paroxysmal tachycardia. In 
our view the upper impulse would spread only to the ventricle other than that 
producing the extrasystole. If it did so spread, it might modify the diphasism 
of the extrasystolic complex, especially in its S-T portion, and shorten it. Normal 
complexes would appear after sudden suppression of the low ventricular centre, 
transition complexes during its gradual suppression following vagal release by 
atropin. The frequency of paroxysmal tachycardia in these patients points to 
hyperexcitability of the conducting tissue. The absence of ventricular extra- 
systoles in our own cases is an objection to the kind of interference which we 
have suggested. Though not advancing this view as a complete solution of the 
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problem, the idea of a double rhythm at a normal rate, in contrast to that of 
true bundle branch block, seems to us the best explanation of our findings. 

A short P-R interval with normal ventricular complex probably represents 
true nodal rhythm, as recognized by Pezzi (1931), Scherf and Schénbrunner 
(1935), and Clerc, Levy, and Cristesco (1938). It may be stable, as in our Cases 
21 and 22, or unstable, as in Case 20, and it may or may not be accompanied by 
liability to paroxysmal tachycardia. 


SUMMARY AND CONCLUSIONS 


1. Nineteen patients having an electrocardiogram with a short P-R interval 
and a ventricular complex of bundle branch block appearance (Sh.P-R : B.B.B.) 
—the so-called Wolff, Parkinson, White syndrome—have been studied, along 
with three others having a short P—R interval but a normal ventricular complex. 

2. The Sh.P-R : B.B.B. syndrome constitutes about 5 per cent. of all cases 
of bundle branch block (140 consecutive cases), and it is found in about 5 per 
cent. of patients who are subject to paroxysmal tachycardia (150 consecutive 
cases). About three quarters (15 out of 19) of those with Sh.P-R : B.B.B. had 
attacks of paroxysmal tachycardia, but only one of the three with Sh.P-R 
alone had attacks. The characteristic electrocardiogram may be discovered 
at a routine examination in persons otherwise healthy, in patients with paroxysms 
of tachycardia, or in those having some other cardiac disease. 

3. Much as in ordinary paroxysmal tachycardia, where most patients are 
otherwise healthy though some have associated and even causal heart disease, 
so in this Sh.P—R : B.B.B. syndrome only a minority have organic heart disease 
(18 of 90 reported cases and 3 of our 19 cases). Occasionally the causal con- 
nection seems to be definite ; for instance one patient first showed the character- 
istic cardiogram soon after acute rheumatism ; and examples have been reported 
after coronary thrombosis. The prognosis seems to be unaffected by the 
occurrence of the syndrome, even in a patient with associated heart disease. 

4. A remarkable feature is that the same patient may at one time show the 
typical cardiogram and at another a normal one, both at normal rates. Such 
switching may be spontaneous, though it may also be induced by exertion or by 
atropin. It is usually abrupt ; only if produced by atropin is it likely to be 
gradual. The paroxysms of tachycardia are generally supraventricular. Of 
seven patients whose paroxysms were recorded, five proved to be supra- 
ventricular, one supraventricular and at other times ventricular, and one 
ventricular tachycardia with auricular fibrillation. 

5. A partially iso-electric P in lead I of a normal tracing with full ventricular 
complex (near 0-1 sec.) might simulate Sh.P-R : B.B.B., except that the other 
leads are normal. On the other hand the slurring of R in a case of 
Sh.P-R : B.B.B. may in one lead fuse with the P-R period making it iso-electric, 
and like a normal beat, although the other leads are characteristic of the 
syndrome. 

6. Bearing on the mechanism of the peculiar electrocardiogram : (a) P often 
becomes modified in shape when the abnormal cardiogram of Sh.P-R : B.B.B. 
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changes to normal, and this fact alone shows the involvement of a pacemaker 
that under both conditions can scarcely be a normal one ; (6) fixity of the 
R-T distance with reversion to normal, and the peculiar aspect of the apparent 
branch block (slurring of the foot of R and rarity of diphasism compared with 
true branch block) are reasons against acceptance of the syndrome as real 
bundle branch block. 

7. As these current hypotheses scarcely explain our findings, we incline to 
think that the typical syndrome represents a double rhythm by two interfering 
pacemakers, one near the sinus and the other in one bundle branch. The 
modified P preceding the broad ventricular complexes is due to the upper pace- 
maker ; a ventricular extrasystole, arising low in one bundle, quickly interferes 
and so shortens the P-R interval. The aberrant QRS complex is produced by 
the ventricular extrasystole and is modified by the QRS of the S-A impulse 
which reaches the ventricle through the unaffected bundle branch. Intermediate 
ventricular complexes might be due to the gradual suppression of the ventricular 
pacemaker. The increased excitability of the conductive system (possibly 
congenital), responsible for the two pacemakers at a normal rate, is also 
indicated by the special liability to paroxysmal tachycardia. The subsidiary 
group, that with short P-R only, are examples of true nodal rhythm. 


We wish to thank Sir Maurice Cassidy, Dr. Crighton Bramwell, Dr. Maurice Campbell, 
Dr. K. D. Wilkinson, Dr. J. W. Linnell, Dr. Lisle Punch, Dr. Almond, and Surgeon Commander 
Nesbitt, R.N., for their kindness in allowing us to make use of their cases, and also Dr. William 
Evans who gave us special facilities for observations upon one of his. We are grateful to 
Dr. Phillip Hallock of New York for his generosity in sending his detailed records of a 
remarkable case. Dr. John Grimshaw was good enough to revise the text. Dr. Alan N. 
Drury, F.R.S., has kindly helped us with the physiological aspects. 
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Pain resulting from disease of the coronary arteries is characterized by its 
location in the chest, usually behind the sternum, and by its paroxysmal nature. 
In some instances, however, the pain may be entirely extrathoracic and not 
necessarily paroxysmal. We wish to draw attention to two groups of patients 
suffering from coronary sclerosis with such atypical pain. In the first group 
the pain occurs paroxysmally, is related to effort, but is eccentrically placed ; 
the attack so occasioned resembles classical angina pectoris in all other respects. 
In the second group are instances of angina pectoris and myocardial infarction 
in which chronic left shoulder pain is a prominent feature ; the latter may 
herald the complete attacks or follow in their wake. 


Group 1. PATIENTS WITH ECCENTRICALLY PLACED ANGINAL PAIN 


A long-recognized example of these larval or fractional forms of angina 
pectoris is that in which pain on effort appears only in the arms, the crucial 
substernal pain being absent. The true nature of such cases was recognized 
by Heberden (1786). One of his patients suffered from repeated attacks of 
pain in the left arm, on effort or at night, from 60 until his sudden death at the 
age of 75; he never experienced any chest pain. Since then many others 
(Mackenzie, 1923, Osler, 1910, and Allbutt, 1915) have described similar 
cases and commented on tiie diagnostic puzzle they may present. Mackenzie 
observed one in whom the pain was confined to the left little finger: and 
Allbutt one, who felt his pain in the centres of the palms of both hands on 
walking rapidly or on dancing ; some time later, however, he developed the 
full-dress type of angina and died in an attack. Osler quoted the case of Lord 
Clarendon, as noted by Blackall in his famous book on the dropsies, in whom 
the pain was always brachial, even in the fatal attack. Osler described patients 
where the pain was felt in the middle of both forearms or at the wrists or elbows, 
whose further course provided indisputable evidence of angina pectoris. 

Somewhat similar, but less likely to cause confusion, is the case in which 
the pain commences distally and spreads rapidly towards the chest (Potain’s 
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angine renversée). Such pain commonly begins in the region of the wrists or 
elbows and may arrest the patient in his track before it has spread upwards 
to the chest. 


Notes of our 12 cases are given in Table I and short notes of 3 of them 
follow. 


TABLE I 


PAROXYSMAL ARM PAIN, ON EFFORT, BEFORE ONSET OF CLASSICAL ANGINA 








Case aa Site and Duration of Pain before Cardiac Subsequent Electro- 
No. - Symptoms appeared Course cardiogram 
I 56 Both wrists and elbows .. lyr. {Typical angina,| T., T; inverted 
| bilateral radiation 
2 52 Both forearms . . ‘5 < ee: \Cardiac infarction) T,, T. inverted 
3 63 Both upper arms os .. 6mo. (Cardiac infarction! T., T, inverted 
4 50 | Left arm an ee .. Smo. (Typical angina, L.A.D. 
no radiation 
5 48 Left arm aa a -- 4yr |" Angine ren-| Late inv. T, 
versée ” | 
6 63 Both wrists ee a .. 2mo.* |Not improved | Inv. T., Ts 
7 61 Right forearm .. a .. 2yr.* |Not improved | Low Tt... mv. FT, 
8 60 | Left arm er ” .. 8yr. (Cardiac infarction — 
9 56 Left elbow and forearm .. 25 yr. ‘Cardiac infarction) Inv. T., Ts, T, 
10 52 Both forearms .. sas .. 4mo. (Cardiac infarction) Low T,, inv. T; 
11 61 Left face - a .. 3yr.  |Later involved| T, inv., T, Ty; 
| L.neckandarm) diphasic 
12 50 | Left arm sa a .. 8yr. ‘Classical angina | — 





* No classical angina. 


Case 1. Pain in both wrists, on effort ; typical angina | year later 


Male, aged 56. Acute pain over flexor surfaces of both wrists and elbows, on 
exertion, for 2 years. No chest pain. No arthritis. Attacks relieved by rest, but 
sometimes last twenty minutes. More severe in left arm, with sensation as though 
the sphygmomanometer cuff was applied. Typical substernal angina of effort, with 
radiation to left arm, for one year ; relieved by nitrites. Distant heart sounds ; no 
cardiac enlargement. B.P. 130/80. EC., T, and T, inverted ; prominent Qs. 


Case 5. Pain in left arm on exertion ; ** angine renversée”’ 4 years later. 


An obese woman, aged 48, known to have had a blood pressure of 220 mm. at 38. 
Four years ago attacks of pain and “ deadness ” in the entire left arm, lasting a few - 
minutes and provoked by hurry and bustle. No other symptoms till one night, after 
hurrying to prepare supper, she was seized with an agonizing pain in left arm, which 
incapacitated her. A dozen similar attacks followed in the next 24 hours and cul- 
minated in a paroxysm in which pain started in left wrist and spread slowly up to 
left shoulder and for the first time to the chest and substernal region. Morphia was 
required. The left chest was held as if in a vice. Subsequently developed classical 
angina, with radiation to left arm and relief with nitrites. B.P. 185/95. EC., late 
inversion of T,. 


Case 8. Pain in left upper arm on exertion ; classical angina 8 years later 


Male, aged 60. Sharp pain in left arm above elbow and sometimes in forearm on 
walking briskly or on stairs for 8 years, usually with dyspnoea. No other symptoms. 
No physical signs and X-ray of heart and EC. normal. Two years later attacks recurred, 
with more dyspneea. After another 2 years they became more frequent and severe ; 
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angina pectoris was suspected and nitroglycerine was at once successful. Attacks 
continued during the next 4 years but no substernal pain till 3 months before 
observation, when it started in the chest and spread down left arm. He died 
suddenly in hospital and autopsy confirmed an anterior myocardial infarct. 


DISCUSSION 


No satisfactory explanation for the referred pains of angina pectoris is 
forthcoming to account for all the clinical features and for some of the 
unexpected results of sympathectomy. According to the theory of Head and 
Mackenzie a stimulus passes from the heart via the sympathetic to the posterior 
root ganglia, where it is transformed and leads to stimulation of certain spinal 
ganglion cells with the appreciation of pain. This pain is felt along the dis- 
tribution of the nerve root in question and so it is called referred pain. This 
explains the occurrence of extrathoracic pain of cardiac origin, but does not 
account for the inverse radiation of the pain in other instances, where it seems 
as if the pain originates in the periphery and passes towards the centre. The 
hyperesthesia sometimes found with such seizures would suggest this, just as 
any severe peripheral pain may leave hyperesthesia of the skin. Such patients 
often liken their arm pain to that produced by prolonged inflation of a sphygmo- 
manometer cuff. Robertson and Katz (1938) maintained the sphygmomano- 
meter cuff in position for five minutes, at a pressure 50 mm. above the systolic 
pressure, and found that the subsequent arm pain was followed by anginal 
paroxysms in 19 out of 24 patients who were subject to angina and were tested 
in this way. When repeated on the right arm, anginal attacks only followed if 
the pain radiated to that arm in the spontaneous attacks. When applied to the 
legs the tests failed. These results suggest that by producing one element of the 
spontaneous attack, viz. the pain in the arm, the fully developed paroxysm 
may be induced. By what mechanism it is brought about we do not know. 
On repeating these experiments we have found that, although we were unable 
to reproduce anginal attacks in more than half of our anginal patients, the 
‘* squeezing ” or “gripping” sensations in the arm, in both the induced and 
spontaneous attacks, were indistinguishable. It is possible they are produced 
by the same mechanism, viz. ischemia of the forearm muscles. Does spasm 
of smooth muscle occur in the left arm during anginal seizures ? 

Penfield (1925) has shown that removal of a sympathetic ganglion takes 
away the possibility of angina, only in the motor distribution of that ganglion : 
it is still possible in the motor distribution of the remaining ganglia. He 
pointed out that the success of such an operation depends, not upon the inter- 
ruption of a direct afferent path from cardiac sympathetic plexus to central 
nervous system, but upon the interruption of autonomic reflexes. Accordingly, 
he suggested that the nervous mechanism in angina pectoris depends on an 
autonomic reflex. It causes peripheral spasm of smooth muscle and may 
resemble the pain of various angiospastic conditions. This theory differs 
from Head’s in that the point of contact between sympathetic and cerebrospinal 
systems is shifted from the posterior root ganglia to the periphery. That such 
an explanation is not unlikely is suggested by the replacement of pain in some 
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anginal attacks by paroxysms of homolateral sympathetic stimulation (Gibson, 
1905 ; Palmer, 1930 ; Holt, 1930). 

The case histories outlined above emphasize the importance of studying 
closely any middle-aged or elderly person complaining of bouts of pain in the 
arm on exertion. Many such attacks, sooner or later, blossom into typical 
angina, but in others sudden death may occur before the coronary nature of 
the attacks is suspected. 


Group II. PERSISTENT PAIN IN THE SHOULDER 


A symptom that is less readily identified as due to disease of the coronary 
arteries is chronic pain in the shoulder and arm, not affected by exercise and 
not relieved by nitrites. The pain does not occur in crises, but is more per- 
sistent, lasting for hours at a time and very intractable to ordinary therapeutic 
measures. Howard (1930) published reports of five patients with a stiff painful 
shoulder in association with coronary sclerosis, syphilitic aortitis, or cardiac 
infarct. Lian (1931) has described similar cases and concluded that a ** thoraco- 
brachial neuralgia ” resulted from the repeated shocks to the brachial plexus 
by the anginal paroxysms. He mentioned the similarity to arthritis of the 
shoulder. Edeiken and Wolferth (1936) reported 14 cases with persistent pain 
in the shoulder following myocardial infarction, and Boas and Levy (1937) 
described 21 cases. In 29 of these 40 cases the left shoulder was involved, 
but some patients with radiation of the anginal pain to the right shoulder 
subsequently developed chronic right shoulder disability. 


TABLE II 


CHRONIC SHOULDER PAIN PRECEDING ANGINA PECTORIS OR CARDIAC INFARCTION 





| Site and Duration of | Anginal Attacks | 


Case! Shoulder Pain before | Subsequent (A.P.) and Coron- 





No. Age Cardiac Symptoms | —a i | ary Thrombosis | Remarks 
appeared * | .T.) 
| Sw | E. 2 yr. Not known | Post. C.T. Incapacitated by 
| | shoulder pain 
14/ 59 | R. 4yr. | Present 1 yr. -" AP. | Inability to use 
| | arm . 
15 | 46 L. 1 yr. Present 3 yr. later; A.P. Incapacitated by 
| | | | shoulder pain 
16; 48 | L. l yr. | Improved AP. | Paroxysmal noc- 
| turnal dyspnoea 
17 | Ss | R. 3 yr. | Died suddenly 9 | A.P. Consulted neuro- 
mo. later | logist 
18} 83 | R. T Not known A.P. | Osteoporosis in 
| | | both shoulders 
19 | 45 | R. 3 yr. | Worse 9 mo. | AP. Right —subacro- 
| later | Ant. C.T. | mial bursitis 
20 » | 1. 7yr. | Not known A.P. | Incapacitated by 
| | shoulder pain 
21| 45 | R. 5 mo. | Improved 3 mo. | A.P. | Very severe before 
| | | later [ eoe. | infarction 
Zoi @ i bk. S yr. | Improved A.P. Infarction com- 
| | | Ant. C.T. menced with left 


shoulder pain 





* L. and R. indicate shoulder affected. + Simultaneous onset | year before. 
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In the present series are 25 patients with angina pectoris and/or myocardial 
infarction, in whom chronic shoulder and arm pain formed a prominent 
complaint. In 10 the shoulder complaint preceded the angina or infarction by 
months or years (Table Il). In 15 it followed and was the outstanding feature 
during convalescence (Table III). 


TABLE III 


CHRONIC SHOULDER PAIN FOLLOWING ANGINA PECTORIS OR CARDIAC INFARCTION 





Shoulder affected and | 





Case Duration of Angina Duration of : Electrocardio- 
No. | 48 | when Shoulder | Shoulder Pain Anginal Attacks | gram 
Pain appeared * | 
23 59 R. os 3 years | Mild — 
24 | 54 L.& R. 2 years 1 year Severe ft Inv. T, & T. 
oS | st & .. 2 weeks 2 weeks | Severe Slurred QRS 
waves. Inv. T; 
26 64 Z. . 10 months 14 months Severe T, & T, diphasic. 
| Inv. T; 
27 48 kL. .. 1 week 3 weeks Severe — 
28 52 L.&R. 2 months | 10 months Moderate + | T; diphasic, 
later inverted 
29 52 L.& R. 2 months 6 months Severe | T, & Ty, flat 
30 or | R. .. 1 week 1 year Moderate Flat T, 
31 59 b. .. 2 months 6 months Moderate — 
32 49 L.& R. 1 month 5months | Severe Ti, T2, Ts low 
33 59 | L.& R. 18 months 6 months Moderate + 
34 52 bE. . 19 months 5 months Mild Normal 
35 66 L. 5 years 1 week Mild Normal 
36 65 Eb. 0 18 months Moderate + Late inv. T,. 
| High T, 
37 47 E. . 30 months | 6 months | Severe Low T: 





* L. and R. indicate the shoulder affected. 
+ A diagnosis of myocardial infarction was made in these cases. 


Case 13. Chronic pain in left shoulder for 2 years before cardiac infarction 


Male, aged 50. Dyspepsia for 15 years. Dyspnoea on exertion and pain, not 
related to exertion and lasting several hours, twice a week, in left shoulder and arm, 
for past 2 years. No chest discomfort. Some general weakness and pallor for 6 
months. Chronic shoulder pain had increased in severity lately, preventing sleep. 
Forced to give up work because of it 6 months ago. Weight loss of 15 lb. during 
past year. Two weeks ago pain became much worse and he entered hospital. 
Dyspneeic. B.P. 150/85. EC. showed inverted T, and T;, and prominent Q;. Gradual 
improvement while under observation. 


Case 22. Recurrent persistent pain in left shoulder for 5 years before cardiac 
infarction 

Male, aged 43. Well and active till 5 years ago. Then pain in left shoulder and 
down the arm to fingers, persisting, on and off, for 2 years ; artificial heat and 
light prescribed without improvement. A few months ago at night, a severe grinding 
pain in the left elbow and forearm spreading upwards to the shoulder, and lasting 
an hour. Next day the left arm pain was worse and he felt exceedingly ill, with slight 
fever, and was in bed for several weeks. Now complains of typical angina, spreading 
to left arm. B.P. 150/90. EC. showed lead III inverted. 

K 
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Case 24. Persistent pain in both shoulders for 1 year ; angina for 3 years 


Male, aged 54. Angina pectoris 3 years. No radiation. Attacks becoming 
more frequent, till three times a day ; incapacitated for 2 years. One year per- 
sistent pains in both shoulders, especially left, radiating down both arms in anginal 
attacks. Two severe attacks 6 weeks ago in which pain was persistent and unaffected 
by nitrites ; “‘ terrific’ pain in left shoulder during one attack, since when pain in 
left shoulder and arm almost constant. Aortic regurgitation. B.P. 230/60. Heart 
enlarged to left. EC., inverted T, and T,. 


Case 25. Persistent left shoulder pain 2 weeks after onset of angina 


Male, aged 53. Anginal attacks for one month with radiation to left arm. Three 
severe attacks in all before onset of constant pain in left shoulder ; this had been 
present 2 weeks when examined. Some dyspnea on exertion. B.P. 155/80. 
Moderate enlargement of heart. Aorta slightly tortuous. EC., T; inverted. X-ray 
of left shoulder, no abnormality. Pronounced atrophy of left shoulder-girdle muscles, 
with moderate limitation of all voluntary but not of passive movements. No tender- 
ness or fullness in region of subacromial bursa. 


’ 


DISCUSSION 


In this group we have described an affection of the shoulder and arm in 
patients with angina, characterized by constant dull pain, limitation of move- 
ment, and weakness or lameness of the arm. The pain is not usually pro- 
voked by exercise, but may be aggravated by use of the affected arm, as 
for carrying. Examination of the shoulder reveals no local lesion. Calcification 
in the subdeltoid bursa or of the supraspinatus tendon is rarely encountered. 
The pain is intractable, not unlike a causalgia, and may. shift from one shoulder 

_to the other. Usually, in angina with left-sided radiation, it affects the left 
shoulder and arm ; with right-sided radiation, the right shoulder and arm. 
This is by no means constant, however, and in this sense there was agreement 
in 6 cases and disagreement in 2, the remainder showing no radiation. Tender- 
ness over the shoulder is infrequent, but atrophy of the shoulder girdle muscles 
has been seen. In Case 25 pronounced atrophy of the muscles of the left 
shoulder girdle developed four weeks after a myocardial infarction. Active 
abduction and external rotation were limited but passive movements were 
normal. No tenderness, crepitus, or pain on manipulation were discovered ; 
X-ray showed no abnormality. Many patients complain that the pain is much 
worse at night and prevents sleep. 

The disability may precede or follow angina pectoris or cardiac infarction ; 
if present before infarction occurred it is usually intensified. The shoulder 
pain may also be the outstanding feature of the coronary occlusion, over- 
shadowing the substernal pain. In those instances where shoulder pain pre- 
ceded the appearance of other symptoms, relief was frequently sought of the 
neurologist, orthopedist, or physiotherapeutist. Sedatives, massage, and 
heat are usually without much success, and morphia is often needed in the 
acute phase. The administration of nitrites has no effect upon the constant 
aching, unlike the success frequently encountered in the eccentric paroxysma! 

pain of the first group. It thus seems that vascular spasm plays no part in 
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its production. The affection appears to run its course despite treatment 
and subsides spontaneously. 

The mechanism of this shoulder and arm pain is obscure. There is rarely 
any local lesion to account for it. A few authors, however, have described the 
intensification of the symptoms of subacromial bursitis following a myocardial 
infarction (Libman, 1935 and Boas and Levy, 1937), and one such case is to 
be found in our series (Case 19). It is doubtful if this is the explanation for all 
such cases of shoulder pain. In the absence of localized tenderness or fullness 
beneath the deltoid or calcification within the sac, it would be difficult to make 
a diagnosis of bursitis. Libman thinks that one frequently finds spondylitis, 
bursitis, intercostal neuralgia, and other “‘ gouty ”’ disorders associated with 
true angina pectoris, because they have the same origin. 

But in our patients there was no evidence of a previous bursitis, and even 
during the height of the disability no indication of a local lesion. The pain 
was not always felt in the shoulder region, but sometimes in the muscles of the 
arm or forearm when movements at the shoulder were entirely free. At times the 
pain was replaced by a “ deadness ” or “ heaviness ”’ or “‘ lameness.”” The hand 
of the affected arm was sometimes cold and numb ; cyanosis, pallor, or edema 
of the arm were not observed. Similar transient symptoms and signs are well- 
known sequels io attacks of angina pectoris. In our patients these symptoms 
are intensified and prolonged ; they are the main complaint, differing only 
in degree and duration from the transient post-anginal phenomena. A localized 
lesion in the shoulder has not been invoked to explain the latter and is probably 
unnecessary in the former. 

Much of the discussion on the extra-cardiac site and radiation of cardiac 
pain dates from the observation by Mackenzie (1923) that in one of his patients 
with an abscessed tooth the anginal pain radiated to that tooth ; yet irrefutable 
instances are rarely, if ever, encountered in actual practice. Even if a local 
lesion is demonstrated in the path of an eccentrically radiating anginal pain, the 
obvious conclusion is highly dangerous, as twice as many instances of similar 
radiation can be cited in which no obvious local lesion existed. Such was the 
condition in Case 2, where the facial localization of the pain led to a suspicion 
of trigeminal neuralgia. 

In view of the hypotheses put forward to account for the bizarre radiation 
of some anginal pains and in view of the popularity of the concept of “ sensitiza- 
tion of pathways,” it is instructive to consider the following history. A 
man, aged 60, had sustained a compound fracture of the right arm 14 years 
previously, necessitating amputation below the shoulder. The pain in the 
stump became constant and intolerable, so that on several occasions novocain 
injection was performed. In the absence of any relief, and because of the 
severity of the pain, numerous surgical procedures were attempted during the 
following 7 years—section of roots of the brachial plexus, repeated novocain 
blocks, laminectomy with section of roots, and alcoholic injection of the stellate 
ganglion—but the pain still continued, when anginal attacks made their appear- 
ance. The pain radiated to the /eft arm, and was relieved by nitrites. A more 
persistent pain in the left arm was unrelieved by nitrites and unaffected by 
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exercise. Novocain injection of the left stellate ganglion afforded much relief. 
The patient died suddenly of myocardial infarction. Such an example lends 
little credence to the theory of “* sensitization of pathways” in the determina- 
tion of the radiation of anginal pain. The right brachial plexus had been 
subjected to repeated surgical procedures and causalgic pains were intractable 
for 14 years, yet subsequent anginal pains radiated to the /eft arm. 

To return to our main thesis. What, then, is the nature of persistent shoulder 
and arm pain in coronary arterial disease ? In some there may be a local lesion 
of muscle or bursa aggravated by the cardiac nerve irritability, but in others 
there may be simply an irritation of the cardiac sympathetic plexus in the 
presence of myocardial ischemia. In favour of the former theory, shoulder 
pain is extremely common whether there is angina pectoris or not, but such 
an explanation seems unlikely for every case. The pain is referred to the 
shoulder and arm, usually of the left side, and is associated with the attacks 
of angina pectoris. The constant nature of the pain could be accounted for 
on the basis of the theory of “‘ summation.” Intermittent showers of impulses, 
travelling over pain fibres, may induce constant pain through summation at 
synapses ; the central neurones, then, most probably discharge continually 
and give rise to constant pain. 


CONCLUSIONS 


Disease of the coronary arteries may manifest itself by paroxysmal, extra- 
thoracic pain on effort. Twelve cases are described in which bouts of pain in 
one or both arms were, for varying periods of time, the only manifestation of 
ill health. Such pains, constricting in character, appear suddenly on exertion ; 
they are felt usually at the wrists, forearms, or elbows, and are relieved by rest 
or by nitroglycerine. Fatal attacks may ensue, attacks in which the pain 
remains located in the arm. In others typical anginal paroxysms or cardiac 
infarction subsequently develop. 

Classical angina pectoris or cardiac infarction is frequently complicated 
by persistent pain in the shoulder and upperarm. This pain is of a dull, aching 
character, diffusely felt, usually on the left side in left-sided and on the right 
side in right-sided anginal attacks. The pain bears no direct relation to exercise 
and is not relieved by nitroglycerine. It may precede or follow angina pectoris 
or cardiac infarction by weeks or even by years. Ten cases are described in 
which chronic shoulder and arm pain was followed, 5 months to 5 years later, 
by typical angina pectoris. This pain may be incapacitatingly severe during 
accesses of coronary insufficiency and may then be the outstanding therapeutic 
problem. Fifteen cases of similar pain following angina pectoris or cardiac 
infarction are recorded. 

The mechanism of the chronic pain is obscure. A local lesion of the shoulder 
or arm can rarely be demonstrated, though exacerbation of a pre-existing sub- 
acromial bursitis may be the explanation in some cases. Often the pain may 
be interpreted as one of the varied referred phenomena encountered in the 
arms in angina pectoris and cardiac infarction. 
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While it is generally accepted that digitalis may be of benefit in cases of 
congestive heart failure with normal rhythm, there is disagreement as to the 
frequency of such benefit, as to whether the etiological type of heart disease 
influences the response, and as to the mechanism whereby the improvement is 
brought about. Fhe present work deals in some measure with these three 
points. 

It is not proposed to make an exhaustive survey of the earlier work, for this 
has been handled recently by Gavey and Parkinson (1939). They concluded 
that demonstrable benefit occurred in about half of the cases and that those 
with rheumatic heart disease responded better than all other etiological types. 
They went further : they stated that cases of rheumatic heart disease responded 
better than other types, whether there was normal rhythm or auricular fibrilla- 
tion, and since it is the rheumatic cases that characteristically fail with fibrilla- 
tion they made the interesting suggestion that this might explain the time- 
honoured notion that heart failure with fibrillation responds better to digitalis 
than heart failure with normal rhythm. With regard to the third point : while 
in the common view digitalis improves the functional efficiency of the failing 
heart by direct action upon it, there are other opinions. Slowing of the heart 
rate with lengthening of the diastolic rest period is usually associated with the 
improvement and has been held responsible for it. There is also the view of 
Dock and Tainter (1930), supported by Katz and his co-workers (1938), that 
digitalis produces its beneficial effect upon failure with normal rhythm by its 
constrictor action upon the hepatic vessels, particularly the hepatic vein 
sphincter, operating “‘ as a bloodless venesection.”” This conclusion is based on 
experiments with anesthetized dogs without organic heart disease and has not 
been confirmed in man with congestive heart failure. 


METHODS OF INVESTIGATION 


In accordance with the back pressure theory, the essential effect of right 
ventricular failure is elevation of the systemic venous blood pressure. The 
132 
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degree of right ventricular failure was therefore estimated by direct measure- 
ment of the pressure in the antecubital vein, a procedure which is both simple 
and accurate. Other criteria were not used as a measure of the degree of con- 
gestive heart failure, and this needs no apology, for symptoms cannot as yet 
be measured accurately ; the size of the liver is difficult to assess clinically owing 
to alterations in the height of the diaphragm and to difficulty in determining its 
upper border ; cedema is capricious ; accurate measurement of diuresis requires 
control of too many factors ; and direct measurement of the cardiac output 
is complicated and often inaccurate, except in most experienced hands, and is not 
a measure of congestion. It may be said, however, that in no case was a fall 
in venous pressure accompanied by aggravation of symptoms, apparent en- 
largement of the liver, increase of edema, or by apparent diminution of urinary 
output. The reverse was usually true and obvious diuresis occurred in some 
cases. 

The venous blood pressure was determined in the following way. The 
patient was inclined at an angle of 45 degrees from the hips upwards, and the 
right shoulder and arm were bared and the arm placed comfortably on pillows 
well away from the trunk and approximately at the level of the fourth sterno- 
chondral junction. A wide-bore needle attached to a rubber tube was inserted 
into the right antecubital vein and strapped in position, the rubber tube being 
connected to an upright graduated glass tube fitted at its bottom with a T-piece, 
to which was connected a citrate reservoir, the whole system being filled with 
3-8 per cent sodium citrate (see Fig. 1). The apparatus was supported by a 























Fic. 1.—Apparatus for continuous measurement of the venous blood pressure. 


T. Graduated glass tube. 
C. Reservoir of 3-8 per cent sodium citrate. 
S' and S? spirit levels. 


wooden frame fitted with spirit levels so that the bottom of the graduated tube 
could be set at the level of the fourth right sterno-chondral junction by suitable 
manipulation of the base of the frame, and by releasing the cock momentarily 
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every two or three minutes in order to flush the needle with citrate, continuous 
venous pressure measurements could be made indefinitely. (For normal con- 
trols see Wood, 1937.) 

Although this work is primarily concerned with right ventricular failure, 
i.e. heart failure with systemic congestion, a few cases of isolated left ventricular 
failure were also studied, and in these the arm to tongue circulation time, as 
estimated by the decholin method (Wood, 1937), was used as the most simple 
and accurate measure of the degree of pulmonary congestion. 

To ensure proper control, all cases of heart failure with normal rhythm 
admitted to hospital were put on absolute rest and received no treatment other 
than sedatives for a period not less than a week and averaging a fortnight ; 
patients who showed significant improvement were excluded from further study. 
The others then received digitalis in doses of 9 grains the first day, 6 grains the 
second day, and 3 grains of the powdered leaf thereafter, until therapeutic 
effects or symptoms of intoxication were observed. 

By such means it was possible to determine the frequency of the benefit 
derived from digitalis, and whether certain etiological types of heart disease 
responded better than others, but the method was too crude to provide any 
information as to the mechanism of digitalis action. For this purpose special 
observations were made. The subjects were kept at complete rest and the 
venous blood pressure recorded continuously ; after a period of at least half 
an hour, when a steady level had been reached, 1-5 mg. of digoxin was injected 
intravenously. The effects were then studied in relation to the pulse rate and 
to the size of the liver and spleen, and will be described in more detail later. 


RESULTS 
Frequency of Benefit 
There were fifteen cases with right ventricular failure and normal rhythm, 


fourteen of which received demonstrable benefit from digitalis. Serial venous 
pressure measurements showed that the improvement was abrupt, and this is 


VENous PRESSURE 


v 
val 








ww 
o 


cm of WATER 
6 G& 


wn 


120 ‘ 

z PULSE Rate 

Ei 

¢ 

® oo 

YAS 

Pag 

= % S/ 

< 

80 

a 

z 

és ie 

* cee eee 
DAYS 


Fic. 2.--The action of digitalis on the venous blood pressure and pulse rate in a case of 
hypertension with right ventricular failure and normal rhythm. 
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illustrated in Fig. 2, which is typical of the series. Table I shows the venous 
blood pressures and the average pulse rates before and after digitalis therapy in 
each of the fifteen cases, and it will be seen that with one exception the drop 


TABLE I 


THE VENOUS BLOOD PRESSURE AND PULSE RATE BEFORE AND AFTER DIGITALIS IN 
RIGHT VENTRICULAR FAILURE WITH NORMAL RHYTHM 














| Venous Pressure Pulse Rate 
Case Atiological Effect 
Diagnosis | aay ee _— et te 
| Before | After | Fall | Before | After | Fall | 
1 | Hypertension | 25 |. 175 | 95 85 10 Good 
2 | Hypertension | 200 | 50 15-0 | 100 90 | 10 | Good 
3 | Hypertension 200 | 100 | 100 | 100 95 5 | Good 
4 | Rheumatic mitral | 
stenosis | 180 |; 50 13-0 95 75 .20 | Good 
5 | Doubtful 17-5 | 7:5 100 | 80 | 80 | O Good 
6 Doubtful c2 | <” >10 | 105 75 30 Good 
7 | Cor pulmonale >20 |Normal' >10 | 90 80 10 Good 
8 | Hypertensive 22:5 | 20-5 — 95 85 10 None 
9 | Doubtful c.20 |Normal| >10 110 | 90 | 20 | Good 
10 | Hypertension 21-0 | Normal | >10 | 100 85 | 15 | Good 
11 | Hypertension | 150 | 60 90 | 108 | 84 | 24 Good 
12 | Old hypertension | 21:0 | 12-0 90 | 108 104 | 4 | Good 
13 Cor pulmonale 170 | 90 80 | 105 | 90 | 15 Good 
14 | Hypertension 150 | 50 10-0 Chart lost | Good 
15 Cor pulmonale | 165 | 840 8-5 


112 | #112 0 Good 





in the venous pressure was always considerable. Two of the three in which 
the 2xtiological diagnosis was not established came to autopsy later, and 
though the nature of the heart disease even then remained obscure, there was 
nothing to suggest that they were rheumatic. The third case likewise showed 
no clinical evidence of rheumatism. The patient who received no benefit died 
suddenly in rather a curious way. He had massive edema and weighed 
twenty stone, and after the failure of digitalis therapy, 2 c.c. of salyrgan injected 
intravenously resulted in an enormous diuresis, followed by slowing of the 
pulse rate from ninety to fifty beats per minute and sudden death. During 
the final two days his weight dropped 22 Ib. 

There were five cases with isolated left ventricular failure, congestion being 
confined to the pulmonary circuit. Serial observations on the arm to tongue 
circulation time showed significant improvement in four, but not in the fifth, 
which proved at autopsy to be one of periarteritis nodosa. Table II shows the 
arm to tongue circulation times and the average pulses rates before and after 
digitalis therapy in these five cases of left ventricular failure with normal 
rhythm. Fig. 3 illustrates the changes in the four cases with demonstrable 
improvement. 

Thus, out of a series of twenty cases of congestive heart failure with normal 
rhythm, fifteen right and five left, eighteen responded to digitalis and two did 
not. Though the series is small it was well controlled and improvement was 
accurately measured and not a matter of opinion. 
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TABLE Il 


THE CIRCULATION TIME AND PULSE RATE BEFORE AND AFTER DIGITALIS IN LEFT 
VENTRICULAR FAILURE WITH NORMAL RHYTHM 





























Circulation Time (sec.) Pulse Rate 
Case Diagnosis | Effect 
| | | | 
| Before | After Fall | Before | After | Fall 
16 | Hypertension | 30 | > t = 90 90 CO 0 None 
(Periarteritis) | | | 
17 | Hypertension | 36 | 21 | 15 95 | 95 | 9 | Good 
18 | Ischemic ) 25 | 1 | 7 90 80 | 10 | Good 
19 | Hypertension | a |] 2 | Ue 110 | 95 15 Good 
20 | Hypertension | i a 5 75 60 15 Fair 
| | 
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Fic. 3.—The action of digitalis on the arm-to-tongue circulation time and on the pulse rate 
in four cases of isolated left ventricular failure with normal rhythm. 
The letters show which pulse chart corresponds to each circulation time chart. The 
length of the block representing digitalis therapy corresponds to case y, the drug being 
used for a longer period in the others. 


Influence of the Atiological Type of Heart Disease 


The etiological diagnosis has been given in Tables I and II. There were 
twelve cases with hypertensive heart disease, three with chronic cor pulmonale, 
one with mitral stenosis, one with ischemic heart disease, and in three the 
diagnosis of the condition was obscure (see p. 135). Thus, although eighteen 
out of twenty responded to digitalis, only one of these was rheumatic. It 
follows that if rheumatic heart disease responds better to digitalis than all 
etiological types, it must respond very well indeed, for eighteen out of twenty 
is a proportion not often exceeded. 
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MECHANISM OF DIGITALIS ACTION 


1. Influence of the pulse rate.—In all but three of the long period studies the 
pulse rate fell with digitalis, on the average from 98 to 85 beats per minute. 
In two of the three with no fall in pulse rate digitalis effected an improvement. 
It has already been stated that two cases did not respond to digitalis. One of 
these showed a fall in pulse rate (from 95 to 85) and the other did not. Thus, 
with this crude method, it appears that although a fall in pulse rate is usually 
associated with improvement from digitalis therapy, it is not essential. (See 
Tables I and II.) 

This point was investigated more thoroughly by means of four special 
observations. In the first (Fig. 4), 1 mg. of digoxin was injected intravenously 
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Fic. 4.—Continuous readings of the venous blood pressure and pulse rate in a case of right 
ventricular failure treated with intravenous digoxin. 


when the venous blood pressure level had been steady at 21 cm. of water for 
half an hour, and the pulse rate consistently between 105 and 110 beats per 
minute for an hour. The figure shows the rapid fall of the venous pressure to 
12 cm. of water, and the very slight drop in pulse rate to 104 beats per minute. 
This observation was repeated in another patient, and whereas the venous 
blood pressure fell from a steady level of 15 to 8 cm. of water, the pulse rate 
remained constant at 112 beats per minute throughout. In the third observa- 
tion a larger dose of digoxin (1-5 mg.) was used, and as the venous blood 
pressure fell the pulse rate dropped sharply from 105 to 90 beats per minute 
(Fig. 5); atropine (1 mg.) was then injected intravenously and the pulse 
rate climbed back quickly to 105, but the venous pressure continued to fall 
and finally reached normal limits. In the fourth observation chance proved an 
ally. After 1-5 mg. of digoxin the venous pressure fell from 15 to 7 cm. of 
water, while the pulse rate rose steadily (Fig. 6). After a time the patient 
admitted that she had been suppressing a strong desire to micturate, but could 
hold her water no longer, and as it was not expedient for her to move, a catheter 
was passed and during its manipulation the venous pressure rose abruptly on 
account of her respiratory reactions. As the urine flowed the pulse rate 
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Fic. 5.—Continuous readings of the venous blood pressure and pulse rate in a case of right 
ventricular failure with normal rhythm treated with intravenous digoxin ; the pulse 
rate fell as the venous pressure dropped, but after atropine it rose again to its previous 
level while the venous pressure continued to fall. (Note the slight rise of systolic blood 
pressure.) 
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Fic. 6.—Showing how the pulse rate rose while the venous pressure fell after digoxin in a case 
of hypertension with right ventricular failure and normal rhythm ; the curious behaviour 
of the pulse rate was due to a suppressed desire to micturate. 
Serial X-ray films of the liver and spleen made radio-opaque by thorotrast were 
obtained in this case. The times at which these films were taken are marked. 
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dropped sharply from 156 to 84 beats per minute and the venous pressure fell 
again to normal. 

It is clear from these four observations that the drop in venous blood pressure 
effected by digitalis therapy in cases of congestive heart failure with normal 
rhythm is dissociated from coincident changes of pulse rate. 

2. Influence of hepatic venous constriction —Ilf the theory of Dock and 
Tainter (1930), so ardently supported by Katz (1938), that digitalis acts like a 
‘ bloodless venesection,” by constricting the hepatic veins and damming up the 
blood in the liver and spleen, be correct, then the liver and spleen should en- 
large, as indeed these authors have demonstrated in animals. Clinically it is 
difficult to be sure of the upper borders of these viscera, but with the aid of 
thorotrast they may be visualized by means of X-rays. A patient with con- 
gestive heart failure and normal rhythm, with a bad prognosis, was injected 
with 75 c.c. of thorotrast intravenously in three divided doses at intervals of 
two days, until at the end of the week the liver and spleen were well seen on 
X-ray films. A special observation with 1-5 mg. of digoxin, similar to those 
already described, was then performed on a horizontal X-ray stand, so that 
control and serial X-ray films of the liver and spleen could be taken without 
disturbing the position of the patient. As the inferior border of the liver was 
exceptionally easy to feel, its position was frequently checked clinically by 
making serial marks on the abdominal wall. The venous blood pressure 
behaved as usual and fell from 14 to 7 cm. of water (Fig. 6). Tracings from 
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Fic. 7.—Superimposed tracings of the X-ray films of the liver and spleen from the case 
illustrated in Fig. 6. The reduction in size of the liver was checked clinically. 


140 PAUL WOOD 


the serial X-ray films have been superimposed in Fig. 7, and it will be seen that 
coincident with the fall in venous pressure there was considerable reduction in 
size of both liver and spleen. This was supported by clinical evidence in 
respect of the lower margin of the liver, which was observed to move upwards 
more than an inch. It follows that the fall in venous pressure was not due to 
hepatic venous constriction or to portal venous constriction above the mouth 
of the splenic vein. 


CONCLUSIONS 


1. Digitalis effected demonstrable improvement in eighteen out of twenty 
cases of congestive heart failure with normal rhythm. This was judged by 
serial measurements of the venous blood pressure in those with systemic con- 
gestion, and of the arm-to-tongue circulation time in those with pulmonary 
congestion. 

2. Since it has been stated that rheumatic heart disease responds better to 
digitalis than other etiological types, it is of interest that only one of the present 
series was rheumatic. 

3. Observations showed that the fall in venous blood pressure following 
intravenous digoxin was not due to slowing of the heart. 

4. A single observation refuted the view that the beneficial action of digitalis 
is due to its constricting effect upon the hepatic vein. 


My thanks are due to the Chief Medical Officer of the London County Council for his 
permission to publish these observations. 
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